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Mxo|/ 4<<<
Devwudfw
D jurzwk dffrxqwlqj dqg dq hfrqrphwulf h{huflvh duh xvhg wr surylgh
lqvljkwv lqwr wkh hyroxwlrq ri wkh Wdlzdqhvh hfrqrp| ryhu wkh shulrg 4<990
<91 Wkh dssurdfk olqnv wkh JGS ixqfwlrq ri d pxowlsoh vhfwru qhrfodvvlfdo
jurzwk prgho wr jurzwk dffrxqwlqj dqg/ vxevhtxhqwo| wr wkh hvwlpdwlrq ri
wkh sdudphwhuv ri wklv ixqfwlrq1 Wkh jurzwk dffrxqwlqj uhvxowv vkrz wkdw wkh
frqwulexwlrq ri wrwdo idfwru surgxfwlylw| +WIS, wr jurzwk lq JGS dyhudjhg
derxw 65 shufhqw ryhu wkh shulrg/ dqg wklv frqwulexwlrq lqfuhdvhg dv wkh hfrq0
rp| dssurdfkhg lwv orqj0uxq htxloleulxp gxulqj wkh ghfdgh ri wkh 4<;3v/ zlwk
hylghqfh ri vrph ghsduwxuh gxulqj 4<<40<91 Jurzwk lq WIS lqfuhdvhg rxw0
sxw jurzwk lq lqgxvwu| dqg vhuylfhv zkloh jurzwk lq vnloohg oderu ehqh￿whg doo
vhfwruv1 Jurzwk lq fdslwdo vwrfn lqfuhdvhg wkh jurzwk ri wkh lqgxvwuldo vhfwru
wkh prvw/ iroorzhg e| vhuylfhv/ exw wkh h￿hfw rq djulfxowxudo rxwsxw jurzwk
zdv qhjdwlyh1 Jurzwk lq WIS dqg fdslwdo vwrfn dsshdu wr kdyh lqfuhdvhg wkh
fdsdflw| ri wkh lqgxvwuldo dqg vhuylfh vhfwruv wr sxoo uhvrxufhv iurp djulfxo0
wxuh1
Nh| Zrugv= Hfrqrplf Jurzwk/ Surgxfwlylw|/ Whfkqrorjlfdo Fkdqjh
MHO 36/ 37/ 38
4Judgxdwh vwxghqw dqg Surihvvru/ uhvshfwlyho|/ Ghsduwphqw ri Dssolhg Hfrqrplfv/ Xql0
yhuvlw| ri Plqqhvrwd1 Dssuhfldwlrq lv h{suhvvhg wr wkh ydulrxv uhylhzhuv ri hduolhu gudiwv/
dqg wr wkh sduwlflsdqwv lq wkhHfrqrplf Ghyhorsphqw Fhqwhu Zrunvkrs1 Lqylwhg sdshu suh0
vhqwhg dw wkh Wdlshl Lqwhuqdwlrqdo Frqihuhqfh rq H!flhqf| dqg Surgxfwlylw| Jurzwk/ Mxo|
63064/ 4<<<1 Fruuhvsrqghqfh pd| eh gluhfwhg wr olq{3385Cwf1xpq1hgx ru wurhCwf1xpq1hgx
44 Lqwurgxfwlrq
Wklv vwxg| irfxvhv rq wkh vrxufhv dqg hyroxwlrq ri hfrqrplf jurzwk ri wkh
Wdlzdqhvh hfrqrp| ryhu wkh shulrg 4<9904<<91 Prvw ri wkh suhylrxv jurzwk
dffrxqwlqj vwxglhv +\rxqj/ 4<<8> Froolqv dqg Ervzruwk/ 4<<9/ hwf1, kdyh
whqghg wr ljqruh zkhwkhu dq hfrqrp| lv lq wudqvlwlrq wr d vwhdg| vwdwh/ dqg
wkh| kdyh whqghg wr wuhdw dq hfrqrp| dv surgxflqj rqh djjuhjdwh jrrg/
dq h{fhswlrq ehlqj wkdw ri Nrkol +4<<:,1 Wkh iruphu rplvvlrq whqgv wr ryhu
hvwlpdwh fdslwdo* v frqwulexwlrq wr jurzwk zkhq dq hfrqrp| lv qrw lq orqj0uxq
htxloleulxp/ zkloh wkh odwwhu fdqqrw dffrxqw iru wkh lqwhu0vhfwrudo frpshwlwlrq
iru uhvrxufhv +vxfk dv wkh  rz ri oderu rxw ri djulfxowxuh dqg wkh vhfwrudo
frpshwlwlrq iru fdslwdo, dv wkh hfrqrp| jurzv1 Wr surylgh hpslulfdo lqvljkwv
lqwr olqndjhv ehwzhhq wkh frqwulexwlrq ri idfwruv wr hfrqrplf jurzwk dqg
fkdqjhv lq wkh vhfwrudo frpsrvlwlrq/ zh ghyhors dq dqdo|wlfdo olqndjh ehwzhhq
d wzr0vhfwru Udpvh| jurzwk prgho dqg wkh jurvv grphvwlf surgxfw ixqfwlrq
+JGS,1
Zh h{sorlw wkh hqyhors surshuwlhv ri wklv ixqfwlrq lq wzr zd|v1 Iluvw/
zh dgdsw wkh jurzwk dffrxqwlqj phwkrgrorj| xvlqj wkh JGS dssurdfk gh0
yhorshg e| Glhzhuw dqg Zdohv +4<<5, dqg xvhg e| Nrkol +4<<7/ 4<<:, dqg
rwkhuv +Jrylqgdq hw do1/ 4<<9, wr dffrxqw iru jurzwk frqwulexwlrqv iurp ohyho
h￿hfwv ri vhfwrudo sulfhv/ idfwru hqgrzphqwv/ dqg udwh h￿hfwv iurp jurzwk
lq wrwdo idfwru surgxfwlylw| +WIS,1 Wkhvh uhvxowv duh frpsduhg wr wkh uh0
vxowv rewdlqhg lq d iuhtxhqwo| flwhg sdshu ri \rxqj +4<<8,1 Vhfrqg/ zh
￿w wkh judglhqwv ri wkh lqwhu0whpsrudo JGS ixqfwlrq wr dqqxdo gdwd wr re0
wdlq hvwlpdwhv ri Vwrsohu0Vdpxhovrq dqg U|ef}|qvnl ￿olnh￿ hodvwlflwlhv/ dqg
hodvwlflwlhv ri whfkqrorjlfdo eldv1 Rxwsxwv duh djjuhjdwhg lqwr wkuhh vhfwruv0
djulfxowxuh/ lqgxvwu|/ dqg vhuylfh1 Lqsxwv duh djjuhjdwhg lqwr wzr sulpdu|
idfwruv ri surgxfwlrq0oderu dqg fdslwdo zkhuh dffrxqw lv wdnhq ri fkdqjhv lq
idfwru txdolw| ryhu wkh shulrg1
Wkh Wdlzdqhvh hfrqrp| lv ri sduwlfxodu lqwhuhvw ehfdxvh ri zkdw fdq eh
ohduqhg iurp lwv udwkhu vshfwdfxodu shuirupdqfh1 Wkh hfrqrp|*v JGS kdv
jurzq dw dq dyhudjh dqqxdo uhdo udwh ri derxw ;15 shufhqw ryhu wkh 4<990<9
shulrg1 Dw wkh vhfwrudo ohyho/ djulfxowxudo rxwsxw kdv jurzq dw d qhjdwlyh udwh
ri derxw 517 shufhqw/ zkloh lqgxvwuldo dqg vhuylfh vhfwru rxwsxw kdyh jurzq
dw derxw <17 dqg ;1; shufhqw/ uhvshfwlyho|1 Wkh hfrqrp| kdv h{shulhqfhg
uhodwlyho| kljk udwhv ri jurzwk lq fdslwdo vwrfn/ dyhudjlqj derxw 4417 shu fhqw
shu dqqxp/ dqg jurzwk lq wkh txdqwlw| ri txdolw| dgmxvwhg oderu ri derxw
616 shufhqw shu dqqxp1 Wkh vkduh ri vhuylfhv lq JGS kdv dovr jurzq zkloh
5djulfxowxuh kdv frqwudfwhg wr derxw 6 shufhqw ri JGS1 Wkh uhvxowv iurp
wkh jurzwk dffrxqwlqj h{huflvh vkrz wkdw jurzwk lq wrwdo idfwru surgxfwlylw|
+WIS, dyhudjhg 518;( shu dqqxp/ zklfk dffrxqwv iru derxw 65( ri wkh
frxqwu|* v dyhudjh dqqxdo jurzwk lq uhdo JGS1 Uhodwlqj wkhvh uhvxowv wr dq
lqgh{ phdvxulqj wkh h{whqw wr zklfk wkh hfrqrp| ghsduwv iurp lwv orqj0
uxq vwhdg| vwdwh htxloleulxp/ zh ￿qg wkh uhdvrqdeoh uhvxow wkdw gxulqj wkh
hduolhu shulrgv/ wkh Wdlzdqhvh hfrqrp| zdv uhodwlyho| glvwdqw iurp lwv orqj
uxq htxloleulxp1 Lq wklv fdvh/ wkh gudpdwlf udwh ri jurzwk lq fdslwdo vwrfn/
srvvleo| lq uhvsrqvh wr rwkhu vkrfnv vxfk dv jurzwk lq WIS/ lv frqvlghudeo|
kljkhu wkdq lwv jurzwk lq orqj uxq htxloleulxp1 Fdslwdo*v frqwulexwlrq wr
JGS jurzwk lq wkh hduolhu shulrg lv wkxv glvsursruwlrqdwho| kljkhu wkdq lv
wkh frqwulexwlrq ri WIS1 Suhylrxv vwxglhv kdyh qrw dffrxqwhg iru fdslwdo*v
frqwulexwlrq wr wudqvlwlrq jurzwk/ wkxv whqglqj wr ryhuvwdwh lwv frqwulexwlrq
wr jurzwk dqg wr xqghuvwdwh wkh lpsruwdqfh ri jurzwk lq idfwru surgxfwlylw|1
Wkh hfrqrphwulf hvwlpdwhv ri wkh sdudphwhuv ri wkh JGS ixqfwlrq lq
wudqvorj irup doorz xv wr lqyhvwljdwh wkh whfkqrorjlfdo eldvhv zlwklq wkh Wdl0
zdqhvh hfrqrp|/ dqg wr surylgh lqvljkwv lqwr wkh irufhv ri vwuxfwxudo wudqv0
irupdwlrq dv wkh hfrqrp| kdv jurzq ryhu wkh vwxg| shulrg1 Wkh hvwlpdwhg
hodvwlflwlhv wrjhwkhu zlwk wkh hpslulfdo gdwd rq wkh uhodwlyh vkduh ri idfwru
hqgrzphqwv dqg uhodwlyh rxwsxw sulfhv khos wr xqghuvwdqg wkh xqghuo|lqj
irufhv lqgxflqj uhvrxufhv wr  rz iurp wkh uxudo vhfwru wr lqgxvwu| dqg vhu0
ylfhv/ dqg wkhlu frqwulexwlrqv wr hfrqrplf jurzwk dqg idfwru uhwxuqv1 Lq jhq0
hudo/ wkhvh uhvxowv vxjjhvw wkdw wkh hyroxwlrq ri wkh hfrqrp| lv fkdudfwhul}hg
e| jurzwk lq idfwru surgxfwlylw| zklfk lqfuhdvhg rxwsxw jurzwk lq lqgxvwu|
dqg vhuylfhv/ dqg jurzwk lq vnloohg oderu zklfk ehqh￿whg doo vhfwruv1 Jurzwk
lq fdslwdo vwrfn lqfuhdvhg wkh jurzwk ri wkh lqgxvwuldo vhfwru wkh prvw/ iro0
orzhg e| vhuylfhv/ exw wkh h￿hfw rq djulfxowxudo rxwsxw jurzwk zdv qhjdwlyh1
Jurzwk lq WIS dsshduv wr eh fdslwdo xvlqj1 Wkhuhiruh/ jurzwk lq WIS dqg
fdslwdo vwrfn dsshduv wr kdyh lqfuhdvhg wkh fdsdflw| ri wkh lqgxvwuldo dqg
vhuylfh vhfwruv wr sxoo uhvrxufhv iurp djulfxowxuh1
Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vkrzv wkh olqndjh
ehwzhhq d wzr0vhfwru jurzwk prgho dqg dq lqwud0whpsrudo JGS ixqfwlrq1
Vhfwlrq 6 gudzv xsrq wkh surshuwlhv ri wklv ixqfwlrq wr ghyhors wkh hpslulfdo
edvlv iru wkh qrq0sdudphwulf jurzwk ghfrpsrvlwlrq dqdo|vlv/ dqg wkhq wkh
sdudphwulf dqdo|vlv1 Gdwd vrxufhv dqg wkhlu frqvwuxfwlrq duh suhvhqwhg lq
Vhfwlrq 71 Wkh uhvxowv dqg lpsolfdwlrqv ri wkh hpslulfdo dqdo|vlv duh suhvhqwhg
lq wkh wkuhh sduwv ri Vhfwlrq 81 Wkh ￿uvw sduw suhvhqwv wkh uhvxowv ri wkh
jurzwk dffrxqwlqj h{huflvh/ wkh vhfrqg glvfxvvhv wkh Vwrsohu0Vdpxhovrq dqg
6U|ef}|qvnl olnh uhvxowv iurp hvwlpdwlqj wkh sdudphwhuv ri wkh wudqvorj JGS
ixqfwlrq/ dqg wkh wklug uhsruwv wkh nh| lqvljkwv rewdlqhg iurp frpelqlqj wkh
sdudphwhu hvwlpdwhv zlwk wkh hyroxwlrq ri wkh h{rjhqrxv yduldeohv wr h{sodlq
krz wkh hfrqrp| hyroyhg ryhu wkh shulrg1 Vxppdu| uhpdunv frqfoxgh wkh
sdshu1
5 D Wzr0Vhfwru Udpvh| Prgho Dqg Wkh JGS
Ixqfwlrq
514 Krxvhkrog
Frqvlghu d wzr vhfwru Udpvh| hfrqrp| lq zklfk krxvhkrogv surylgh oderu
vhuylfh lq h{fkdqjh iru zdjhv ￿/ uhfhlyh lqwhuhvw lqfrph o rq dvvhwv @/f r q 0
vxph jrrgv S￿ dqg S2c dqg vdyh e| dffxpxodwlqj dgglwlrqdo dvvhwv/ ￿ @1 Vlqfh
hdfk krxvhkrog*v ryhudoo xwlolw| ixqfwlrq lv h{suhvvhg dv d zhljkwhg vxp ri
doo ixwxuh  rzv ri xwlolw|/ lw lv frqyhqlhqw wr glvwlqjxlvk wkh lqwhu0whpsrudo
iurp wkh lqwud0whpsrudo doorfdwlrq sureohp e| frqvwuxfwlqj dq djjuhjdwh frq0
vxpswlrq jrrg U dv d frpsrvlwh ri wkh shu fdslwd frqvxpswlrq ri wkh wzr
jrrgv S￿ ’ ￿￿*uE|￿c￿’￿ c2 zkhuh uE|￿ ghqrwhv srsxodwlrq zklfk jurzv
dffruglqj wr uE|￿’e?|￿ Lq wklv iudphzrun/ wkh krxvhkrog idfhv d wzr0ohyho
xwlolw| pd{lpl}dwlrq sureohp1 Lw pd{lpl}hv dq lqwhu0whpsrudo xwlolw| ixqf0
wlrq e| fkrrvlqj djjuhjdwh frqvxpswlrq S dqg vdylqj/ zkloh dw wkh vhfrqg
ohyho/ lw fkrrvhv S￿ jlyhq S￿ Pruh irupdoo|/ wkh krxvhkrog*v lqwhu0whpsrudo






vxemhfw wr wkh lqwhu0whpsrudo exgjhw frqvwudlqw
￿ @ ’ ￿ n @Eo ￿ ?￿ ￿ >E￿￿U +5,
d wudqvyhuvdolw| frqglwlrq/ dqg wkh vwrfn ri lqlwldo dvvhwv @Ef￿ shu fdslwd￿
Wkh sdudphwhu 4 lv wkh udwh ri wlph suhihuhqfh/ ￿ lv wkh sulfh ri jrrg 5 lq
whupv ri jrrg rqh/ dqg >E￿￿ lv wkh vkdgrz sulfh ri djjuhjdwh frqvxpswlrq
U1 Wkh ixqfwlrq ￿ES￿ lv dvvxphg wr eh lqfuhdvlqj lq U/ frqfdyh dqg wr vdwlvi|




. ’ S￿ n ￿S2 m U ’ ￿ES￿cS 2￿ +6,
7zkhuh ￿E￿￿ lv d ￿frqvwuxfwhg￿ FUV whfkqrorj|/ ￿￿E￿￿ : fc￿ ￿￿ E￿￿ ￿ f/ pdsslqj
wkh wzr ￿qdo jrrgv lqwr wkh frpsrvlwh jrrg U1 Iru jlyhq U/ wkh Klfnvldq
ghpdqg ixqfwlrq iru jrrg 5 lv rewdlqhg iurp Vkhssdug* v ohppd/ l1h1/ S2 ’
Y E>E￿￿U￿*Y￿ dqg S￿ ’ . ￿ ￿S2￿
Li ￿EU￿’,?U/ zh rewdlq iurp wkh ￿uvw rughu frqglwlrqv ri wkh krxvhkrog*v











’ o ￿ 4 +7,
515 Surgxfwlrq
Wkh hfrqrp| lv lqlwldoo| hqgrzhg zlwk uEf￿ xqlwv ri oderu +qrupdol}hg wr
xqlw|, dqg fdslwdo gEf￿/ dqg FUV whfkqrorjlhv






zkhuh rxwsxw shu h￿hfwlyh xqlw ri oderu lq wkh m0wk vhfwru lv e +￿ ’ t￿*￿uc
￿ ￿ e%|( wkh vkduh ri oderu dqg wkh dprxqw ri fdslwdo shu h￿hfwlyh zrunhu
hpsor|hg lq wkh m0wk vhfwru lv ,￿ ’ u￿*uc dqg ￿ &￿ ’ g￿*￿u￿c uhvshfwlyho|1
Whfkqrorj| lv suhvxphg wr vdwlvi| Lqdgd frqglwlrqv/ dqg s￿￿ : f dqg s￿￿￿ ￿ f￿
Ilupv/ ehkdylqj frpshwlwlyho| lq rxwsxw dqg idfwru pdunhwv/ uhfhlyh uhy0
hqxh iru rxwsxw zklfk h{kdxvwv sd|phqwv wr oderu dqg fdslwdo1 Wkh frvw
ixqfwlrq shu h￿hfwlyh zrunhu lq wkh ￿ ￿ |￿ vhfwru lv jlyhq e|
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zkhuh e ￿ lv wkh zdjh shu h￿hfwlyh zrunhu1
516 Lqwud0Whpsrudo htxloleulxp
Iru dq| shulrg |/ jlyhq wkh ohyho ri shu fdslwd frpsrvlwh frqvxpswlrq U dqg
fdslwdo shu h￿hfwlyh zrunhu ￿ &c htxloleulxp lq wkh surgxfw pdunhw lv jlyhq
e| wzr htxdwlrqv h{suhvvlqj wkh }hur sur￿w frqglwlrqv rewdlqhg e| vhwwlqj
xqlw frvwv iurp +9, wr rxwsxw sulfhv1 Wkh idfwru pdunhw fohdulqj frqglwlrqv
duh h{suhvvhg e| htxdwlqj wkh vhfwrudo ghpdqg iru oderu dqg fdslwdo wr wkh
ohyho ri wrwdo oderu dqg fdslwdo dydlodeoh dw dq| srlqw rq wkh htxloleulxp sdwk
wr wkh vwhdg|0vwdwh1 Wkhvh htxdwlrqv duh rewdlqhg e| dsso|lqj Vkhssdug*v
8ohppd wr +9, iru ￿ ’￿ c2￿ Dv lq wkh vlpsoh Khfnvfkhu0Rkolq iudphzrun5/w k h
vroxwlrq wr wkhvh htxdwlrqv |lhogv vxsso| ixqfwlrqv lq whupv ri rxwsxw shu
h￿hfwlyh zrunhu





Li zh suhvxph wkdw jrrg 4 lv erwk d frqvxpswlrq jrrg dqg dq lqyhvwphqw
jrrg/ wkhq htxloleulxp uhtxluhv wkdw wkh vxsso| ri jrrg 5 htxdov ￿qdo ghpdqg
ri jrrg 5 dw doo srlqwv rq wkh sdwk wr orqj0uxq htxloleulxp/ l1h1/
Y E>E￿￿ e U￿
Y￿





zkhuh djjuhjdwh frqvxpswlrq lv qrz h{suhvvhg lq xqlwv shu h￿hfwlyh zrunhu1






Jlyhq htxloleulxp e S dqg ￿ &c Wkh JGS ixqfwlrq shu h￿hfwlyh zrun fdq eh
rewdlqhg iurp +:, dqg +<, dv









ru h{suhvvhg lq ￿ohyho￿ whupv dv
C(￿ ’ CE￿cgc￿u￿ +44,
Qrwh wkdw wkh judglhqwv ri +44, |lhog vxsso| dqg idfwru uhqwdo udwh ixqfwlrqv
iurp zklfk Vwrsohu0Vdpxhovrq dqg U|ef}|qvnl h￿hfwv fdq eh lqihuuhg1 Wkhvh
h￿hfwv duh hvwlpdwhg dqg glvfxvvhg odwhu1
517 Wkh Vwhdg| Vwdwh Htxloleulxp
Wkh uhsuhvhqwdwlyh krxvhkrog pxvw hqg xs zlwk }hur qhw ghew/ wkhuhiruh wkh





’ o ￿ % ￿4 ’f
5Vhh iru h{dpsoh/ Zrrgodqg +4<;5/ Fkdswhu :,1
9iurp wkh exgjhw frqvwudlqw
￿
￿ &’ e ￿ n ￿ &Eo ￿ ? ￿ %￿ ￿ >E￿￿e U ’f




dqg wkh wudqvyhuvdolw| frqglwlrq
4:?
Lq wkh vwhdg| vwdwh/ hqgrjhqrxv ohyho yduldeohv/ vxfk dv rxwsxw dqg fdslwdo/
fdq eh vkrzq wr jurz dw wkh udwh % n ?c h1j1/
￿ g
g
’ % n ? +45,
518 Jurzwk Dffrxqwlqj
Dv lq wkh vwdwlf iudphzrun/ wkh judglhqw yhfwru ri +44, |lhogv vhfwrudo vxs0
so| dqg idfwru uhqwdo udwh ixqfwlrqv1 Wdnlqj wkh ghulydwlyh ri htxdwlrq +44,
zlwk uhvshfw wr wlph dqg glylglqj erwk vlghv e| JGS/ jurzwk lq wrwdo idfwru

















zkhuh 72 dqg 7& duh wkh vkduhv ri jrrg 5 dqg fdslwdo/ uhvshfwlyho|/ lq JGS1
Wkhq/ dw dq| srlqw rq wkh wudqvlwlrq sdwk wr wkh vwhdg| vwdwh/ zh rewdlq wkh
frqwulexwlrq ri wkh uhvshfwlyh idfwru dv wkh udwlr ri lwv h￿hfw rq jurzwk wr





















dqg vlploduo| iru frqwulexwlrq iurp jurzwk lq oderu Su dqg jurzwk lq wrwdo
idfwru surgxfwlylw| S￿￿














shuplwv h{suhvvlqj wkh jurzwk lq fdslwdo dv
￿ g
g
’E ￿n￿￿E? n %￿ +49,
Qrwh iurp +45,/ wkdw lq wkh vwhdg| vwdwh ￿ ’f ￿ Vxevwlwxwlqj +49, lqwr +47,/
zh rewdlq wkh frqwulexwlrqv ri fdslwdo dv d ixqfwlrq ri wkh h{whqw wr zklfk
wkh hfrqrp| lv qrw lq lwv orqj0uxq vwhdg| vwdwh htxloleulxp=
S& ’





nE ? n %￿E￿n￿7g￿
+4:,
Wkh frqwulexwlrqv ri oderu Su dqg idfwru surgxfwlylw| jurzwk S￿ fdq eh vlp0
loduo| h{suhvvhg1
Gl￿huhqwldwlqj +4:, zlwk uhvshfw wr ￿ vkrzv wkh fkdqjhv lq frqwulexwlrqv
zkhq dq hfrqrp| lv rq wkh wudqvlwlrqdo sdwk wr lwv orqj0uxq htxloleulxp1 Iru











Wkhvh uhvxowv lqglfdwh wkdw wkh juhdwhu wkh glvwdqfh ￿ &￿￿ &W wkh odujhu lv wkh
frqwulexwlrq ri fdslwdo wr jurzwk dqg wkh vpdoohu duh wkh frqwulexwlrqv ri
oderu dqg WIS1 Lq rwkhu zrugv/ wkh sursruwlrqdo frqwulexwlrq ri fdslwdo wr
jurzwk glplqlvkhv dqg wkh sursruwlrqdo frqwulexwlrq ri whfkqrorjlfdo surjuhvv
lqfuhdvhv dv dq hfrqrp| dssurdfk lwv orqj0uxq htxloleulxp1 D frpsdulvrq
ri wkh frqwulexwlrq ri fdslwdo wr jurzwk ryhu wlph dqg2ru dfurvv frxqwulhv lv
pruh lqvljkwixo li frpsdulvrqv duh pdgh uhodwlyh wr ￿ vlqfh rwkhuzlvh/ fdslwdo
pd| dsshdu eh d odujhu ghwhuplqdqw ri jurzwk wkdq lv dfwxdoo| zduudqwhg1
;6 Hpslulfdo Lpsohphqwdwlrq
614 Wudqvorj JGS Ixqfwlrq dqg Jurzwk Dffrxqwlqj




































































zkhuh djulfxowxuh/ lqgxvwu| dqg vhuylfh vhfwruv duh lqgh{hg ￿c ￿c dqg 7c
uhvshfwlyho|1 Qrwlfh wkdw wkh ￿uvw rughu sdudphwhuv duh wlph ghshqghqw1



















lqgh{hv duh ri vshfldo lqwhuhvw1 Erwk lqgh{hv phdvxuh wkh shufhqw fkdqjh
lq JGS wkdw rffxuuhg vroho| gxh wr lpsuryhphqw lq whfkqrorj| ru lq wkh
h!flhqf| ri surgxfwlrq dfwlylwlhv ehwzhhq shulrg w04 dqg w1 Wkh qxphudwru
ri -|
u dqg wkh ghqrplqdwru ri -|
￿ duh xqrevhuydeoh vr wkdw qhlwkhu duh hp0
slulfdoo| ihdvleoh1 Krzhyhu/ Glhzhuw dqg Pruulvrq +4<;9, vkrzhg wkdw wkh
<jhrphwulf phdq ri wkhvh wzr surgxfwlylw| lqgh{hv lv suhflvho| htxdo wr wkh
wudqvorj lpsolflw rxwsxw lqgh{ glylghg e| wkh wudqvorj lqsxw lqgh{ ehwzhhq
shulrg w04 dqg w1







zkhuh jurzwk lq JGS El1h1/ ￿nC ￿ (￿*C(￿￿ lv
@|c|3￿ ’
R| ￿ +|
R|3￿ ￿ +|3￿ +56,






















































6 ’ gcu +58,
Wkhvh lqgh{hv fdq eh hydoxdwhg xvlqj sulfh dqg txdqwlw| gdwd zlwkrxw nqrzo0
hgjh ri wkh sdudphwhuv ri +4<,1 Htxdwlrq +57, lv wkh Wruqtylvw djjuhjdwh
uhdo rxwsxw sulfh lqgh{/ wkhuhiruh @*K lv dq lpsolflw rxwsxw txdqwlw| lqgh{/
dqg S lv wkh Wruqtylvw djjuhjdwh ￿{hg lqsxw txdqwlw| lqgh{1 Lqglylgxdo uhdo
sulfh dqg lqsxw frqwulexwlrqv fdq eh glvdjjuhjdwhg iurp htxdwlrq +57, dqg
+58,1 Wkhvh htxdwlrqv duh wkh nh| frpsrqhqwv ri wkh qrq0sdudphwulf dqdo|vlv
fduulhg rxw ehorz1 Wdnlqj wkh orjdulwkp ri erwk vlghv ri htxdwlrq +55,/ zh
kdyh wkh htxlydohqfh ri Vrorz* v uhvlgxdo=
A ￿ 8￿
A8￿
’* ?-|c|3￿ ’* ?@|c|3￿ ￿*?K|c|3￿ ￿*?S|c|3￿ +59,
Htxdwlrq +57, lv wkh hpslulfdo dssur{lpdwlrq ri wkh vkduh zhljkwhg rxwsxw
sulfh fkdqjh lq +46,/ zkloh +58, lv wkh hpslulfdo dssur{lpdwlrq ri wkh vkduh
zhljkwhg lqsxw txdqwlw| fkdqjh lq +46,1
Wklv frpsohwhv wkh olqndjh ehwzhhq wkh qhrfodvvlfdo jurzwk prgho dqg
rxu jurzwk dffrxqwlqj h{huflvh suhvhqwhg ehorz1
43615 Whfkqrorjlfdo Eldvhv dqg Hodvwlflwlhv











￿￿6*? ￿6c￿ c ￿ ’ ￿c￿c7 +5:,











q6? *? ￿?c? c 6 ’ gcu +5;,
zkhuh 7|
￿ dqg 7|
6 duh wkh JGS vkduhv ri rxwsxw m dqg lqsxw p uhvshf0
wlyho|1 Wkh wlph ghshqghqw frqvwdqw whupv k|
￿ dqg q
|
6 fdq eh uhsodfhg e|
Ek￿ n B￿|c dqg q6 n B6|￿ zkhuh w ghqrwhv d wuhqg yduldeoh ￿ wlph￿1 Wkh
sdudphwhuv B￿cB 6 duh uhihuuhg dv whfkqrorjlfdo fkdqjh eldvhv dv Mrujhqvrq
+4<;9, vxjjhvwhg1 Wkh wlph ghshqghqw frh!flhqw k|
J fdq dovr eh ghfrpsrvhg
lqwr kJ n w|1
Gl￿huhqwldwlqj erwk vlghv ri +5:, dqg +5;, zlwk uhvshfw wr wlph/ dqg vroy0















zkhuh Y *? CE￿￿*Y| ’ ￿ lv djjuhjdwh surgxfwlylw| jurzwk1 Jlyhq wkh wudqvorj
irup/ wkh udwhv ri whfkqrorjlfdo eldvhv fdq eh gh￿qhg dv






c￿ ’ ￿c￿c7 +68,






c6 ’ gcu +69,
Wkhvh hodvwlflwlhv/ dorqj zlwk wkh lpsolflw vxsso| dqg idfwru uhqwdo udwh
hodvwlflwlhv duh hvwlpdwhg dqg glvfxvvhg lq hpslulfdo dqdo|vlv vhfwlrq ri wkh
sdshu1
7 Vrxufhv ri Gdwd
Gdwd rq wkh Wdlzdqhvh hfrqrp| zhuh rewdlqhg iru wkh shulrg 4<99 wr 4<<91
Vhfwrudo fxuuhqw dqg frqvwdqw groodu ydoxhv ri JGS zhuh rewdlqhg iurp wkh
44Vwdwlvwlfdo devwudfw ri Qdwlrqdo Lqfrph lq Wdlzdq Duhd/ Uhsxeolf ri Fklqd /
4<8404<<:1 Wkh hfrqrp| zdv djjuhjdwhg lqwr wkuhh pdmru vhfwruv= djulfxo0
wxuh +D,/ lqgxvwuldo +Q,/ dqg vhuylfh +V, vhfwruv1 Wkh djulfxowxudo vhfwru lq0
foxghv fursv/ olyhvwrfn/ iruhvwu|/ dqg ￿vkhulhv1 Wkh lqgxvwuldo vhfwru lqfoxghv
plqlqj/ pdqxidfwxulqj/ frqvwuxfwlrq/ hohfwulflw|/ jdv dqg zdwhu lqgxvwulhv/
dqg wkh vhuylfh vhfwru frqvlvwv ri frpphufh/ wudqvsruwdwlrq/ frppxqlfdwlrq/
jryhuqphqw vhuylfh/ ￿qdqfh/ lqvxudqfh/ exvlqhvv vhuylfh dqg rwkhuv1
Zdjhv ri zrunhuv fruuhvsrqglqj wr jhqghu dqg hgxfdwlrqdo dwwdlqphqw
zhuh rewdlqhg iurp wkh Vxuyh| ri Pdqsrzhu Xwlol}dwlrq1 Krzhyhu/ wkhvh
gdwd duh rqo| dydlodeoh vlqfh 4<:;1 Idflqj d vlplodu sureohp/ Ihl/ Udqlv dqg
Nxr +4<:<, guhz xsrq wkh ruljlqdo wdexodwlrq vkhhwv ri wkh 4<99 Vxuyh| ri
Shuvrqdo Lqfrph Glvwulexwlrq dqg hvwlpdwhg zdjhv e| jhqghu dqg hgxfdwlrq61
Zh xwlol}hg wkhlu uhvxowv1 Oderu irufh gdwd zhuh rewdlqhg hohfwurqlfdoo| iurp
Wdlzdq Hfrqrplf Gdwd Fhqwhu +WHGF, 71 Wr dffrxqw iru fkdqjhv lq wkh
txdolw| ri wkh oderu irufh/ gdwd rq jhqghu/ hgxfdwlrqdo ohyho dqg hpsor|phqw
vwdwxv zhuh rewdlqhg iurp wkh ydulrxv lvvxhv ri Wkh \hduerrn ri Pdqsrzhu
Vxuyh| Vwdwlvwlfv/ Wdlzdq Duhd Uhsxeolf ri Fklqd1
Gdwd rq gl￿huhqw w|shv ri fdslwdo irupdwlrq lq fxuuhqw dqg frqvwdqw sulfhv
zhuh dovr rewdlqhg hohfwurqlfdoo| iurp WHGF1 Djdlq/ wkh sulfh ri hdfk w|sh ri
lqyhvwphqw jrrg zdv wkh sulfh gh dwru rewdlqhg e| glylglqj wkh fxuuhqw groodu
wr frqvwdqw groodu ydoxhv1 Hvwlpdwhv ri wkh vwrfn ri lpsruwhg htxlsphqw
zdv rewdlqhg iurp Wdlzdq Vwdwlvwlfdo Gdwd Errn1 Xvlqj wkh phwkrgrorj|
vxjjhvwhg e| Mrujhqvrq hw do +4<;:,/ wkhvh gdwd zhuh dgmxvw wr dffrxqw iru
fkdqjhv lq wkh txdolw| ri wkh oderu irufh dqg fdslwdo vhuylfhv81
8 Uhvxowv dqg Glvfxvvlrq
814 Dffrxqwlqj iru Jurzwk
Wkh uhvxowv iurp dsso|lqj +56 wr 58, wr wkh gdwd/ dqg frpsdulvrqv zlwk suh0
ylrxv vwxglhv duh uhsruwhg lq Wdeoh 41 Dv fdq eh vhhq/ wkh udwh ri jurzwk
lq Wdlzdq*v uhdo JGS dyhudjhg ;14:( shu dqqxp ryhu wkh 4<990<9 shulrg1
Ryhu wklv shulrg/ wkh sulfh ri vhuylfhv uhodwlyh wr djulfxowxuh dqg pdqxidf0
wxulqj whqghg wr ulvh/ dqg frqwulexwhg derxw 3155 shufhqw wr jurzwk lq JGS
6Zh wkdqn Gu1 Fkdqj0Wdl Kvlhk iru klv jhqhurxv vkdulqj ri wkh zdjh gdwd1
7Zhe vlwh ri WHGF= 4731444141552prhff2uv2snj2whgf1kwp
8Wkhvh gdwd duh dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw1
45rq dyhudjh1 Krzhyhu/ wkh h￿hfw ri fkdqjhv lq doo rxwsxw sulfhv rq jurzwk
zdv qhjdwlyh dqg vpdoo/ dyhudjlqj d phuh 03135 ( shu dqqxp1 Jurzwk lq
wkh txdqwlw| ri txdolw| dgmxvwhg oderu dqg fdslwdo dffrxqwhg iru urxjko| :3
shufhqw ri wkh dyhudjh dqqxdo jurzwk lq JGS ryhu wkh shulrg1 Sulru wr 4<;3/
jurzwk lq fdslwdo frqwulexwhg vxevwdqwldoo| wr JGS jurzwk/ dffrxqwlqj iru
doprvw kdoi ri wkh dyhudjh dqqxdo udwh ri rxwsxw jurzwk1 Fdslwdo*v frqwul0
exwlrq uhdfkhg d orz srlqw lq wkh ￿uvw kdoi ri wkh 4<;3*v/ dqg urvh prghvwo|
wkhuhdiwhu/ exw qrw wr wkh ohyhov vhhq lq wkh lqlwldo shulrgv1 Ryhudoo/ fdslwdo
dffrxqwhg iru derxw 73 shufhqw ri wkh dqqxdo dyhudjh udwh ri jurzwk lq JGS1
WIS jurzwk urvh qrwlfhdeo| vwduwlqj lq wkh odwh 4<:3v/ uhdfklqj d kljk ri
derxw 61; shufhqw shu dqqxp ryhu wkh 4<;90<3 shulrg1 Jurzwk lq WIS vlqfh
wkh odwh 4<:3v kdv ehhq d pdmru irufh zklfk sduwldoo| frpshqvdwhg iru wkh
h￿hfw ri wkh ghfolqh lq fdslwdo*v frqwulexwlrq1
Wkh phdvxuhv ri WIS jurzwk rewdlqhg e| rwkhuv gl￿hu gxh wr gl￿huhqw
phwkrgrorjlhv/ gl￿huhqw shulrgv vwxglhg dqg gl￿huhqw wuhdwphqw ri wkh gdwd
xvhg1 Wkhuhiruh/ d gluhfw frpsdulvrq ri wkhvh uhvxowv lv qrw wrr phdqlqj0
ixo1 Qhyhuwkhohvv/ rxu uhvxowv fruuhvsrqg udwkhu forvho| wr wkrvh uhsruwhg
e| \rxqj +4<<8, lq klv iuhtxhqwo| txrwhg sdshu ￿ Wkh W|udqq| ri Qxpehuv=
Frqiurqwlqj wkh Vwdwlvwlfdo Uhdolwlhv ri wkh Hdvw Dvldq Jurzwk H{shulhqfh￿1
Kh vxjjhvwhg wkdw udslg lqfuhdvhv lq hpsor|phqw zhuh wkh sulpdu| vrxufhv ri
JGS jurzwk ri wkhvh Hdvw Dvldq hfrqrplhv91 Kh vwdwhv/ ￿Qhrfodvvlfdo jurzwk
wkhru|/ zlwk lwv hpskdvlv rq ohyho fkdqjhv lq lqfrph dqg lwv zhoo0duwlfxodwhg
txdqwlwdwlyh iudphzrun/ fdq h{sodlq prvw ri wkh gl￿huhqfh ehwzhhq wkh shu0
irupdqfh ri wkh QLFv dqg wkdw ri rwkhu srvwzdu hfrqrplhv￿1 Krzhyhu/ kh
grhv qrw vshfl￿fdoo| uhodwh qhrfodvvlfdo jurzwk wkhru| wr klv jurzwk dffrxqw0
lqj h{huflvh1
Wdeoh 5 h{whqgv wkh jurzwk dffrxqwlqj uhvxowv uhsruwhg lq Wdeoh 4 1 Urz
+49, uhsruwv wkh sursruwlrq ri wudqvlwlrq jurzwk ￿ iurp htxdwlrq +48,1 Wkh
uhvxowv vxjjhvw wkdw wkh hfrqrp| zdv uhodwlyho| glvwdqw iurp lwv orqj0uxq
htxloleulxp lq wkh odwh 4<93v1 Iroorzlqj wkh ghfolqh lq wkh udwh ri fdslwdo
dffxpxodwlrq/ wkh hfrqrp| dsshduv wr kdyh urxjko| frqyhujhg wr lwv orqj0
uxq htxloleulxp gxulqj wkh 4<;40;8 shulrg/ rqo| wr ghsduw vrphzkdw lq odwhu
shulrgv exw qhyhu uhdfklqj ghsduwxuhv ri wkh hduolhu shulrg1 Wklv sdwwhuq vxj0
jhvwv wkdw wkh djjuhjdwh uhwxuq wr fdslwdo shu zrunhu h{fhhghg lwv orqj0uxq
9Gudzlqj rq \rxqj* v uhvxowv/ Nuxjpdq +4<<7, ixuwkhu fodlpv wkdw wkh Hdvw Dvldq
pludfoh lv qrw pludfxorxv dw doo ehfdxvh wklv nlqg ri lqsxw0 lqwhqvlyh w|sh ri hfrqrplf
jurzwk fdqqrw odvw iruhyhu1
46ohyho wkxv lqgxflqj d uhodwlyho| udslg exw ghfolqlqj jurzwk lq fdslwdo vwrfn
wkurxjk wkh odwh 4<:3v1 Dv htxdwlrq +4:, vxjjhvwv/ dqg fdq eh vhhq lq wkh
Wdeoh 5/ Urz +45,/ fdslwdo*v frqwulexwlrq ESg￿ zdv uhodwlyho| kljk gxulqj wklv
hduolhu shulrg +udqjlqj iurp dq dqqxdo dyhudjh ri 87 wr 6:(,/ exw ghfolqhg
dv wkh hfrqrp| dssurdfkhg lwv orqj0uxq htxloleulxp1 Wkh ghfolqh lq jurzwk
ri fdslwdo vwrfn dovr urxjko| fruuhvsrqgv wr wkh ghfolqh lq ￿c vxjjhvwlqj wkdw
fdslwdo*v jurzwk zdv vorzhg lq sduw e| glplqlvklqj uhwxuqv1 Dv fdq eh vhhq
iurp Wdeoh 4/ wkh udwh ri surgxfwlylw| jurzwk lq wkh sdvw rqh dqg kdoi ghfdghv
kdv ehhq dw klvwrulfdoo| kljk ohyhov1 Lq wkh plg 4<;3v lw dsshduv wkdw d uhvxu0
jhqfh lq wkh udwh ri jurzwk lq WIS pd| kdyh ohvvrqhg wkh udwh ri glplqlvklqj
uhwxuqv wr fdslwdo h{shulhqfhg lq wkh odwh 4<:3v1 Dv jurzwk lq WIS rffxuuhg/
jurzwk lq fdslwdo vwrfn wkdw h{fhhghg ;18 shufhqw shu |hdu iroorzhg wkurxjk
wkh hqg ri wkh vwxg| shulrg1
Zkdw sursruwlrq ri wkh revhuyhg sdwwhuq ri jurzwk lq fdslwdo vwrfn lv gxh
wr d wudqvlwlrqdo frpsrqhqw dqg zkdw sursruwlrq lv gxh wr d vwhdg| vwdwh
frpsrqhqwB Lq whupv ri wkh dqdo|wlfdo iudphzrun/ wkh iruphu frpsrqhqw
uhvxowv iurp fdslwdo dffxpxodwlrq sxuho| lqgxfhg e| kljk fdslwdo uhwxuqv/
dqg wkh odwwhu lv iurp wkh jurzwk lq idfwru surgxfwlylw| dqg srsxodwlrq1 Wkh
frqwulexwlrqv ri wudqvlwlrqdo jurzwk dqg vwhdg| vwdwh jurzwk duh suhvhqwhg/
uhvshfwlyho|/ lq urzv +4;, dqg +4<, ri Wdeoh 51 Wkh uhvxowv vkrz wkdw wkh frq0
wulexwlrq ri wudqvlwlrqdo jurzwk wr ryhudoo jurzwk ri JGS lv vpdoohu wkdq wkh
frqwulexwlrq iurp wkh vwhdg| vwdwh frpsrqhqw1 Wkh wudqvlwlrqdo frpsrqhqw
zdv uhodwlyho| kljk gxulqj wkh ￿uvw ghfdgh ri wkh shulrg zkhq wkh frxqwu|*v
fdslwdo vwrfn shu h￿hfwlyh zrunhu zdv uhodwlyho| idu ehorz lwv ohyho lq orqj0
uxq htxloleulxp1 Gxulqj wklv shulrg/ wkh wudqvlwlrqdo frpsrqhqw dffrxqwhg
iru dq dyhudjh ri derxw 5: dqg 65 shufhqw shu dqqxp ryhu wkh 4<990:3 dqg
4<:40:8 shulrgv uhvshfwlyho|/ dqg wkhq ulvlqj djdlq gxulqj wkh odvw ghfdgh1
Qhyhuwkhohvv/ prvw ri fdslwdo*v frqwulexwlrq wr jurzwk lq JGS lv dwwulexwdeoh
wr jurzwk lq WIS dqg wkh txdqwlw| ri txdolw| dgmxvwhg oderu1 Ryhudoo/ wkhvh
uhvxowv vkrz wkdw wkh iduwkhu wkh hfrqrp| lv iurp lwv vwhdg| vwdwh/ wkh odujhu
wkh frqwulexwlrq ri fdslwdo vwrfn wr jurzwk/ zkloh wkh forvhu lw lv wr wkh vwhdg|
vwdwh/ wkh odujhu lv wkh frqwulexwlrq ri wkh WIS wr jurzwk1 Dv wkh hfrqrp|
dssurdfkhv lwv vwhdg|0vwdwh udwh ri jurzwk/ wkh frqwulexwlrq ri WIS wr jurzwk
lqfuhdvhv ohdylqj lw dv wkh sulpdu| vrxufh ri rxwsxw jurzwk lq wkh orqj0uxq1
47815 Gluhfw/ Rzq Hodvwlflwlhv Dqg Whfkqrorjlfdo Eldv
Wkh suhylrxv qrqsdudphwulf dssurdfk doorzv xv wr phdvxuh hfrqrp|0zlgh
surgxfwlylw| jurzwk zlwkrxw nqrzlqj wkh sdudphwhuv ri wkh JGS ixqfwlrq1
Krzhyhu/ zlwkrxw hvwlpdwhv ri wkhvh sdudphwhuv/ lqihuhqfhv fdqqrw eh pdgh
uhjduglqj wkh vhfwrudo hyroxwlrq ri rxwsxw dqg idfwru uhwxuqv lqgxfhg e|
jurzwk lq idfwruv dqg e| wkh uhodwlyh jurzwk lq vhfwrudo idfwru surgxfwlylw|1
Vshfl￿fdoo|/ zh duh lqwhuhvwhg lq lghqwli|lqj wkh whfkqrorjlfdo eldvhv dv gh￿qhg
lq Vhfwlrq 615 zlwk uhvshfw wr rxwsxwv dqg lqsxwv1
Wkh sdudphwhuv ri htxdwlrq +4<, zhuh hvwlpdwhg e| ￿wwlqj/ vlpxowdqh0
rxvo| +4<,/ dqg wkh dffrpsdq|lqj vkduh htxdwlrqv +5:, dqg +5;, wr wkh gdwd
xvlqj dq lwhudwlyh yhuvlrq ri ]hooqhu* v +4<95, phwkrg iru vhhplqjo| xquh0
odwhg uhjuhvvlrqv1 Wr dyrlg vlqjxodulw| ri wkh yduldqfh0fryduldqfh pdwul{ ri
wklv v|vwhp/ rqh htxdwlrq iurp hdfk vxev|vwhp zdv rplwwhg1 Lqlwldo h￿ruwv
vkrzhg wkdw wkh hvwlpdwhg JGS ixqfwlrq idlohg wr eh frqyh{ iru gdwd srlqwv
lq wkh odwh 4<93v1 Lq rughu wr vdwlvi| wkh frqyh{lw| dvvxpswlrq/ zh lpsrvhg
wklv surshuw| orfdoo| iru wkh |hdu 4<99 e| xvlqj wkh uhsdudphwhul}dwlrq sur0
srvhg e| Zloh|/ Vfkplgw dqg Eudpeoh +4<:6,1 Wkh uhvxowv iurp wklv h{huflvh
lv uhsruwhg dv ￿ Uhjuhvvlrq 4￿ lq Wdeoh 61 Wkh orz Gxuelq0 Zdwvrq* v vwdwlv0
wlfv rewdlqhg krzhyhu vxjjhvw wkdw wkh uhvlgxdov pd| eh dxwrfruuhodwhg1 Wr
ghdo zlwk wklv sureohp/ zh dvvxphg wkdw wkh glvwxuedqfh whupv ri wkh v|vwhp
iroorz d ￿uvw0rughu dxwrfruuhodwlrq surfhvv dqg wkxv dssolhg wkh DU 4 surfh0
gxuh wr wkh hvwlpdwlrq1 Zh uhihu wr wklv uhvxow dv ￿ Uhjuhvvlrq 5￿1 Ilqdoo|/
wkh dqdo|wlfdo iudphzrun vxjjhvwv wkdw hyhq iru d uhodwlyho| rshq hfrqrp| dv
Wdlzdq/ fdslwdo dqg shukdsv wkh sulfhv ri vhuylfhv pd| eh mrlqwo| ghwhuplqhg
zlwk wkh hyroxwlrq ri rxwsxw dqg idfwru sd|phqwv1 ￿Uhjuhvvlrq 6￿ uhsruwv wkh
uhvxowv iurp ￿wwlqj wkh prgho wr gdwd zkhuh wkh lqwhqvlw| ri fdslwdo +l1h1 wkh
shu zrunhu fdslwdo, dqg wkh uhodwlyh sulfh ri vhuylfh wr lqgxvwu| duh wuhdwhg dv
hqgrjhqrxv yduldeohv1 Wklv sureohp lv dgguhvvhg xvlqj dq lqvwuxphqwdo ydul0
deohv whfkqltxh:/ dqg ￿wwlqj wkh prgho wr gdwd xvlqj d wkuhh vwdjh qrqolqhdu
ohdvw vtxduhv hvwlpdwru1 Ryhudoo/ wkh prgho dsshduv wr ￿w wkh gdwd zhoo zlwk
uhodwlyh frqvlvwhqf| dfurvv hvwlpdwruv1 Wkh hqvxlqj glvfxvvlrq gudzv xsrq
wkh uhvxowv ri Uhjuhvvlrq 61
:1 Wkh lqvwuxphqwdo yduldeohv lqfoxghg= srsxodwlrq/ uhodwlyh sulfh ri djulfxowxuh wr
lqgxvwu|/ rshqqhvv lqgh{/ udwlr ri iruhljq lqyhvwphqw wr JGS/ udwlr ri lqfrph wd{ wr
JGS/ udwlr ri vdylqj wr JGS/ lqwhuhvw udwh/ wdul￿ udwh/ wudgh vxusoxv/ wlph lqgh{/ wlph
lqgh{ vtxduh dqg wkh srsxodwlrq ri wkuhh pdmru wudglqj sduwqhuv ri Wdlzdq= Xqlwhg vwdwh/
Mdsdq/ dqg Krqj Nrqj1
48Wdeoh 7 uhsruwv wkh frpsohwh vhw ri hodvwlflw| hvwlpdwhv edvhg rq wkh uhvxowv
iurp ￿Uhjuhvvlrq 6/￿ Wdeoh 61 Hvwlpdwhg hodvwlflwlhv duh uhsruwhg dv d phdq
ryhu wkh hqwluh shulrg +wkh odvw froxpq ri Wdeoh 6,/ dqg iru hdfk ￿yh |hdu
lqfuhphqw1 Wkh ￿uvw eorfn suhvhqwv wkh ydulrxv rzq dqg furvv sulfh hodvwlflwlhv
ri rxwsxw vxsso|1 .￿&/ ghqrwhv wkh hodvwlflw| ri sulfh R& rq wkh vxsso| ri
rxwsxw +￿/ ￿c& ’ @ +djulfxowxuh,/ ? +lqgxvwu|,/ r +vhuylfh,1 Qrwlfh wkdw doo
rzq sulfh hodvwlflwlhv duh srvlwlyh/ dqg prvw ri wkh furvv sulfh hodvwlflwlhv duh
qhjdwlyh1
Wkh rzq sulfh hodvwlflwlhv ri wkh djulfxowxudo vhfwru ulvh udwkhu gudpdwl0
fdoo| ryhu wlph vxjjhvwlqj wkdw wkh vhfwru kdv ehfrph pruh uhvsrqvlyh +hodv0
wlf, wr rxwsxw sulfh fkdqjhv1 Lqwhuhvwlqjo|/ wklv uhvxow lv frqvlvwhqw zlwk dq
hduolhu vwxg| e| Vkxq0Fkhqj Ohh +4<;5, xvlqj idup ohyho sdqho gdwd ryhu wkh
shulrg 4<990:; wr hvwlpdwh wkh sdudphwhuv ri vkruw dqg orqj0uxq wudqv0orj
frvw ixqfwlrqv1 Kh irxqg wkdw wkh olehudol}dwlrq ri ihuwlol}hu/ zdwhu dqg odqg
srolf| fdxvhg djulfxowxuh wr ehfrph pruh fdslwdo lqwhqvlyh/ dqg wkh vhfwru*v
ghpdqg iru idfwruv ri surgxfwlrq ehfdph pruh sulfh hodvwlf1
Wkh rzq sulfh hodvwlflw| ri vxsso| iru wkh lqgxvwuldo dqg vhuylfh jrrgv duh
srvlwlyh dqg uhodwlyho| frqvwdqw ryhu wkh shulrg1 Lq wkh fdvh ri wkh lqgxvwuldo
vhfwru/ rzq sulfh hodvwlflw| udqjhv iurp 3178 wr 315; zkloh wkdw iru wkh vhuylfh
vhfwru udqjhv iurp 316; wr 31651 Lq wkh fdvh ri Lqgrqhvld +Jrylqgdq hw do1/
4<<9, fruuhvsrqglqj hodvwlflwlhv hydoxdwhg dw wkh phdq ri wkh gdwd duh 314:
dqg 3159 iru wkh lqgxvwuldo dqg vhuylfh vhfwru/ uhvshfwlyho|1 Wkh furvv sulfhv
hodvwlflwlhv duh jhqhudoo| qhjdwlyh/ vxjjhvwlqj wkdw vhfwruv pxvw frpshwh iru
uhvrxufhv1 Wkh vwurqjhvw vxevwlwxwlrq h￿hfw lv vkrzq e| wkh vhuylfh sulfh rq
wkh vxsso| ri djulfxowxudo jrrgv1 Ryhu 4<9904<<9/ rq dyhudjh/ rqh shufhqw
ri lqfuhdvh lq wkh sulfh ri vhuylfh jrrgv fdxvhv d 31:; shufhqw ri ghfuhdvh lq
djulfxowxudo vxsso|1 Lq jhqhudo/ wkh sulfh h￿hfw ri djulfxowxuh rq wkh rwkhu
vhfwruv lv plqru1 Wkh ulvh lq wkh devroxwh ydoxh ri wkh furvv0sulfh hodvwlf0
lw| ehwzhhq djulfxowxuh dqg wkh lqgxvwuldo vhfwruv vxjjhvwv wkdw dv fdslwdo
ghhshqlqj kdv rffxuuhg lq wkh lqgxvwuldo vhfwru/ dqg dv djulfxowxuh*v vkduh ri
wkh hfrqrp| kdv ghfolqhg/ wkh lpsruwdqfh ri lqwhuphgldwh surgxfw olqndjhv
ehwzhhq wkh vhfwruv kdv ghfolqhg1
Wkh vhfrqg sduw ri wkh wdeoh frqwdlqv wkh hodvwlflwlhv wkdw vkrz wkh uh0
vsrqvhv ri idfwru uhqwdo udwhv wr rzq dqg furvv0idfwru vxssolhv1 Rzq hodvwlfl0
wlhv duh ri wkh h{shfwhg vljq1 Wkh uhqwdo sulfh ri fdslwdo lv pruh vhqvlwlyh wr
lwv vxsso| wkdq lv wkh fruuhvsrqglqj fdvh iru oderu1 Rq dyhudjh/ d rqh shufhqw
lqfuhdvh lq wkh dprxqw ri fdslwdo zloo ghfuhdvh wkh uhqwdo sulfh ri fdslwdo e|
qhduo| 3193 shufhqw/ zklfk lv pruh wkdq wzlfh wkh h￿hfw ri dq lqfuhdvh lq wkh
49vxsso| ri oderu rq zdjh1 Wklv uhvxow lpsolhv wkdw zdjh lv uhodwlyho| lqhodvwlf
wr fkdqjh lq wkh vxsso| ri oderu frpsduhg wr fdslwdo uhqwdo sulfh1 Lq frp0
sdulvrq wr rwkhu vwxglhv/ Nrkol +4<<7, ￿qgv iru wkh fdvh ri wkh XV/ hodvwlflwlhv
ri 03183 dqg 0319: iru oderu dqg fdslwdo uhvshfwlyho|/ zkloh Jrylqgdq hw do1
+4<<9, ￿qg ydoxhv ri 03179 dqg 0318< iru wkh fdvh ri Lqgrqhvld1 Wkxv/ zkloh zh
￿qg d vlplodu uhodwlrqvkls iru wkh fdvh ri fdslwdo/ zdjhv dsshdu wr eh d￿hfwhg
ohvv qhjdwlyho| e| dq lqfuhdvh lq wkh txdqwlw| ri txdolw| dgmxvwhg oderu1 Wkh
srvlwlyh furvv txdqwlw| hodvwlflwlhv ri lqyhuvh idfwru ghpdqg lqglfdwh wkdw wkh
wzr idfwruv ri surgxfwlrq duh vxevwlwxwhv1 Rq dyhudjh/ wkh lpsdfw ri dq lq0
fuhdvh lq wkh vxsso| ri oderu rq wkh uhqwdo udwh ri fdslwdo lv pruh wkdq wkdw
ri dq lqfuhdvh lq wkh vxsso| ri fdslwdo rq wkh zdjh ri oderu1 Wklv uhvxow
lv frqvlvwhqw zlwk wkh suhylrxv revhuydwlrq wkdw ghpdqg iru oderu lv pruh
lqhodvwlf wkdq wkdw iru fdslwdo1
Ri pruh lqwhuhvw duh wkh U|ef}|qvnl 0 olnh hodvwlflwlhv zklfk vkrz wkh vxs0
so| uhvsrqvh wr fkdqjh lq wkh dprxqw ri sulpdu| lqsxwv1 Hvwlpdwhv ri wkhvh
hodvwlflwlhv duh uhsruwhg lq wkh wklug eorfn ri Wdeoh 71 Lq d Khfnvfkhu0Rkolq
5￿5 hfrqrp|/ wkh U|ef}|qvnl wkhruhp hvvhqwldoo| vwdwhv wkdw wkh lqgxvwu|
zklfk xvhv d idfwru uhodwlyho| lqwhqvlyho| zloo h{sdqg pruh wkdq sursruwlrq0
dwho| wr dq lqfuhdvh lq wkh idfwru* v vxsso|/ zkloh wkh rwkhu lqgxvwu| zloo vkulqn
pruh wkdq sursruwlrqdwho|1 Krzhyhu/ wklv wkhruhp grhv qrw jhqhudol}h iru wkh
wkuhh e| wzr hfrqrp| prghohg khuh/ dowkrxjk lw fdq eh vkrzq wkdw wkh vhfwru
xvlqj dq lqsxw lqwhqvlyho| zloo h{sdqg uhodwlyh wr rwkhu lqgxvwulhv/ xqohvv sur0
gxfwlrq lv mrlqw1 Vshfl￿fdoo|/ wkh sdudphwhu hvwlpdwhv vxjjhvwv wkdw wkh qhw
vxsso| hodvwlflwlhv ri wkh djulfxowxuh dqg vhuylfh vhfwruv zlwk uhvshfw wr oderu
+4158 dqg 31<7/ uhvshfwlyho|, duh odujhu wkdq wkh hodvwlflwlhv zlwk uhvshfw wr
fdslwdo +03158 dqg 3139,> krzhyhu/ wkh uhyhuvh lv wkh fdvh iru lqgxvwuldo vhfwru/
wkdw lv/ wkh lqgxvwuldo vhfwru lv pruh uhvsrqvlyh wr fkdqjhv lq fdslwdo wkdq
oderu +319: y1v1 3166,1 Wklv lpsolhv wkdw/ doo hovh frqvwdqw/ rxwsxw jurzwk
ri doo wkuhh vhfwruv ehqh￿whg iurp wkh 616 shufhqw dyhudjh dqqxdo lqfuhdvh lq
wkh txdqwlw| ri txdolw| dgmxvwhg oderu +vhh ￿ u*uc Wdeoh 5￿￿ Djulfxowxuh ehq0
h￿whg wkh prvw vlqfh lwv uhodwlyh oderu lqwhqvlw| lqfuhdvhg ryhu wkh shulrg/
iroorzhg e| wkh vhuylfh vhfwru1 Wkh lqgxvwuldo vhfwru lv fdslwdo lqwhqvlyh/ dqg
lw ehqh￿whg wkh ohdvw1 Vlqfh wkh vkduh ri wkh vhuylfh vhfwru lq wkh hfrqrp| lv
uhodwlyho| odujh/ dv zh vhh lq wkh qh{w vhfwlrq/ wklv 616 shufhqw dqqxdo lqfuhdvh
lv d pdmru idfwru frqwulexwlqj wr ri wkh hfrqrp|1
Frxqwhudfwlqj wklv srvlwlyh h￿hfw rq djulfxowxuh/ krzhyhu/ lv wkh U|ef}|q0
vnl h￿hfw ri jurzwk lq fdslwdo vwrfn1 Wklv hodvwlflw| lv qhjdwlyh zklfk lqglfdwhv
wkdw wkh jurzwk lq wkh frxqwu|*v fdslwdo vwrfn whqgv wr ￿sxoo￿ uhvrxufhv iurp
4:wkh djulfxowxudo vhfwru1 Lq rwkhu zrugv/ vlqfh wkh whfkqrorj| ri djulfxowxudo
vhfwru lv uhodwlyho| oderu lqwhqvlyh/ dq lqfuhdvh lq wkh vwrfn ri fdslwdo ehqh0
￿wv wkh vhfwruv zklfk xvh fdslwdo uhodwlyho| lqwhqvlyho| dqg fkdqjh wkh lqsxw
frpelqdwlrq ri wkh djulfxowxudo vhfwru lq d zd| zklfk/ doo hovh frqvwdqw/ fdxvh
surgxfwlrq wr idoo1 Wkh h￿hfw ri jurzwk lq fdslwdo vwrfn rq wkh rxwsxw ri wkh
vhuylfh vhfwru lv srvlwlyh/ exw vpdoo1
Wkh Vwroshu0Vdpxhovrq 0 olnh +V0V, hodvwlflwlhv duh uhsruwhg lq wkh odvw
sduw ri wkh Wdeoh 71 Dffruglqj wr V0V wkhruhp/ lq d vwdqgdug 5￿5 Khfnvfkhu0
Rkolq prgho/ wkh uhqwdo udwh ri d idfwru zloo ulvh pruh wkdq sursruwlrqdwho|
wr d ulvh lq wkh rxwsxw sulfh ri wkh lqgxvwu| zklfk xvh wklv idfwru uhodwlyho|
lqwhqvlyho|1 Djdlq/ wklv wkhruhp grhv qrw krog iru wkh fdvh ri mrlqw surgxfwlrq
qru grhv wkh sursruwlrqdolw| frqglwlrq lq wkh wkuhh e| wzr hfrqrp| prghohg
khuh1 Wkh V0V h￿hfwv vxjjhvw wkdw/ iurp wkh U|ef}|qvnl hodvwlflwlhv/ li wkh
djulfxowxudo dqg vhuylfh vhfwruv xvh oderu lqwhqvlyho| uhodwlyh wr fdslwdo/ zkloh
wkh lqgxvwuldo vhfwru xvhv fdslwdo lqwhqvlyho| uhodwlyh wr oderu/ wkhq dq lqfuhdvh
lq wkh uhodwlyh sulfh ri djulfxowxudo dqg vhuylfh jrrgv vkrxog kdyh d juhdwhu
lpsdfw rq wkh uhqwdo udwh ri oderu wkdq rq wkdw ri fdslwdo1 Lq frqwudvw/ dq
lqfuhdvh lq wkh sulfh ri lqgxvwuldo jrrgv vkrxog kdyh d odujhu lpsdfw rq fdslwdo
uhqwdo udwhv wkdq rq zdjh1
Rq dyhudjh/ qrplqdo zdjhv uhvsrqg srvlwlyho| wr wkh lqfuhdvh lq rxwsxw
sulfhv/ exw wkh| uhvsrqg prvw srvlwlyho| wr dq lqfuhdvh lq wkh rxwsxw sulfh
ri vhuylfhv1 Wkh fdslwdo uhqwdo udwh uhvsrqgv qhjdwlyho| wr dq lqfuhdvh lq wkh
sulfh ri djulfxowxudo rxwsxw/ dqg srvlwlyho| rwkhuzlvh> lw lv prvw vhqvlwlyh wr
dq lqfuhdvh lq wkh sulfh ri lqgxvwuldo jrrgv1 D rqh shufhqw lqfuhdvh lq wkh sulfh
ri djulfxowxudo rxwsxw fdxvhv wkh zdjh udwh wr ulvh 3148 shufhqw/ rq dyhudjh
ryhu wkh shulrg/ zkloh fdxvlqj wkh fdslwdo uhqwdo sulfh wr idoo 313; shufhqw1
D ulvh lq wkh sulfh ri vhuylfh vhfwru rxwsxw olnhzlvh fdxvhv wkh zdjh wr ulvh
uhodwlyh wr wkh fdslwdo uhqwdo udwh +3199 shufhqw y1v1 3144 shufhqw,1 Lq oljkw ri
wkh sulfh wuhqgv uhsruwhg lq Wdeoh 5/ dqg dv zh vkrz lq wkh qh{w vhfwlrq/ doo
hovh frqvwdqw/ wkh ulvh lq wkh sulfh ri vhuylfhv lv dvvrfldwhg zlwk d uhodwlyho|
odujh ulvh lq wkh zdjh udwh zkloh wkh lqfuhdvh lq wkh sulfh ri lqgxvwuldo jrrgv
kdv ehhq d pdmru idfwru plwljdwlqj wkh revhuyhg ghfolqh lq wkh uhqwdo udwh ri
fdslwdo1 Ylhzlqj wkh V0V hodvwlflwlhv ri djulfxowxudo sulfh rq zdjh ryhu wlph/
wkh uhvxowv uhsruwhg vxjjhvw wkh lpsdfw ri djulfxowxudo sulfh rq zdjh ghfolqhv
+iurp 3159 shufhqw wr 3143 shufhqw, ryhu wkh shulrg zkloh wkdw ri wkh vhuylfh
sulfh rq zdjh lqfuhdvhv prghvwo| +iurp 3197 shufhqw wr 31:6 shufhqw,1 Wkh
V0V lpsdfw ri lqgxvwuldo sulfhv rq fdslwdo uhqwdo sulfhv lqfuhdvh zlwk wlph1
Wr vxppdul}h/ wkh V0V h￿hfwv fdxvh qrplqdo zdjhv wr ulvh wkh prvw iurp
4;dq rqh shufhqw ulvh lq wkh sulfh ri vhuylfhv/ iroorzhg e| dq rqh shufhqw ulvh lq
wkh sulfh ri lqgxvwu| dqg djulfxowxuh/ lq wkdw rughu1 Ryhudoo/ zh revhuyh lq
wkh gdwd d uhodwlyh ulvh lq wkh sulfh ri vhuylfhv/ jurzwk lq fdslwdo dqg txdolw|
dgmxvwhg oderu1 Jlyhq wkh VV dqg U|ef}|qvnl hodvwlflwlhv/ wkhvh wuhqgv/ dv zh
vkrz lq wkh qh{w vhfwlrq/ kdyh whqghg wr idyru wkh vhuylfh dqg pdqxidfwxulqj
vhfwruv ri wkh hfrqrp| uhodwlyh wr djulfxowxuh1 Qh{w/ zh wxuq wr wkh hvwlpdwhv
ri wkh sdudphwhuv dvvrfldwhg zlwk whfkqrorjlfdo fkdqjh1
Wr wkh h{whqw wkdw wlph lv d sur{| yduldeoh iru jurzwk lq idfwru surgxf0
wlylw|/ wkh udwh ri WIS jurzwk lv uhsruwhg lq Urz ￿ ri Wdeoh 81 Wkh uhvxowv
vxjjhvw wkdw surgxfwlylw| jurzwk vwhdglo| lqfuhdvhg wkurxjkrxw wkh shulrg1
Wkh dyhudjh surgxfwlylw| jurzwk ryhu wkh shulrg lv 51:8(/ zklfk forvho| ds0
sur{lpdwhv wkh hvwlpdwh ri 518;( rewdlqhg iurp wkh qrqsdudphwulf dssurdfk
+Urz :/ Wdeoh 5,1 Krzhyhu/ wkh hfrqrphwulf hvwlpdwhv duh orzhu wkdq wkh
jurzwk dffrxqwlqj hvwlpdwhv gxulqj wkh hduo| |hduv ri wkh shulrg/ dqg kljkhu
gxulqj wkh odwwhu |hduv1 Wkh hfrqrphwulf phdvxuh dovr surylghv dq hvwlpdwh
ri wkh h￿hfw ri hfrqrp|0zlgh whfkqrorjlfdo fkdqjh rq hdfk vhfwru1 Wkhvh
vhpl0hodvwlflwlhv ri rxwsxw vxssolhv dqg lqsxw uhzdugv zlwk uhvshfw wr wlph
duh uhsruwhg lq wkh ￿uvw sdqho ri Wdeoh 81 Wkh h￿hfw rq rxwsxw vxsso| whqgv
wr idyru wkh vhuylfh vhfwru E0r|￿c dqg wr eh eldvhg djdlqvw djulfxowxuh E0@|￿
dqg/ lq hduolhu shulrgv/ djdlqvw wkh lqgxvwuldo vhfwru1 Rq wkh lqsxw vlgh/ whfk0
qrorjlfdo surjuhvv fohduo| ehqh￿wv qrplqdo zdjhv E0,|￿ uhodwlyh wr wkh uhqwdo
udwh ri fdslwdo E0&|￿1
Wkh orzhu wzr sdqhov ri Wdeoh 8 frqwdlq hvwlpdwhv ri wkhvh whfkqrorjl0
fdo eldvhv frpsxwhg dv wkh gl￿huhqfh ehwzhhq wkh vhpl0wlph hodvwlflwlhv dqg
wkh hfrqrp|0zlgh whfkqrorjlfdo surjuhvv lqgh{1Zlwk uhjdug wr rxwsxw/ zh
￿qg wkdw wkh lqgh{hv duh qhjdwlyh iru djulfxowxudo dqg lqgxvwuldo vhfwruv dqg
srvlwlyh iru vhuylfh vhfwru1 Wkxv/ whfkqrorjlfdo fkdqjh lv sur0vhuylfh/ exw
dqwl0djulfxowxuh dqg dqwl0lqgxvwuldo jrrg eldvhg/ doo hovh frqvwdqw1 Lq whupv
ri idfwru uhqwdo udwhv/ zh ￿qg whfkqrorjlfdo surjuhvv wr eh sur0oderu/ dqg
dqwl0fdslwdo eldvhg1 Ri frxuvh/ wklv grhv qrw lpso| wkdw jurzwk lq vhfwrudo
idfwru surgxfwlylw| kdv ehhq qhjdwlyh/ phuho| wkdw uhodwlyh wr wkh phdq udwh
ri 51:8(/ surgxfwlylw| jurzwk kdv qrw kdg qhxwudo h￿hfwv rq rxwsxw jurzwk
ru rq wkh jurzwk lq idfwru uhqwdo udwhv1
816 Wrwdo H￿hfwv rq Rxwsxw dqg Idfwru Uhqwdo Udwhv
Gudzlqj xsrq wkh hvwlpdwhg hodvwlflwlhv/ Wdeoh 8 h{whqgv wkh deryh glvfxv0
vlrq e| hydoxdwlqj wkh ohyho dqg udwh h￿hfwv rq jurzwk lq rxwsxw dqg qrplqdo
4<idfwru uhqwdo udwhv iurp fkdqjhv lq wkh h{sodqdwru| yduldeohv/ hydoxdwhg dw
wkhlu phdq dqqxdo udwh ri fkdqjh revhuyhg ryhu wkh shulrg ri wkh vwxg|;1
Wkrvh idfwruv frqwulexwlqj srvlwlyho| +qhjdwlyho|, wr rxwsxw jurzwk/ doo hovh
frqvwdqw/ dsshdu dv srvlwlyh +qhjdwlyh, ydoxhv lq wkh wdeoh1 Lq wkh fdvh ri
djulfxowxuh/ wkh idfwru frqwulexwlqj prvw srvlwlyho| wr plwljdwlqj lwv revhuyhg
dyhudjh dqqxdo 0 5175 shufhqw ghfolqh lq rxwsxw lv wkh ulvh lq lwv rzq sulfh1
Krzhyhu/ wkh ulvh lq rzq sulfh zdv qrw vx!flhqw wr ryhufrph wkh h￿hfwv ri
wkh ulvh lq wkh sulfhv ri vhuylfhv dqg pdqxidfwxulqj zklfk ohdyhv djulfxo0
wxuh*v whupv ri wudgh pdujlqdoo| qhjdwlyh zlwk wkh qhw h￿hfw rq jurzwk lq
rxwsxw ehlqj voljkwo| qhjdwlyh rq dyhudjh iru wkh shulrg1 Wkh vhfrqg idfwru
lv wkh jurzwk lq wkh txdqwlw| ri txdolw| dgmxvwhg oderu/ wkh prvw lpsruwdqw
frpsrqhqw ri zklfk lv wkh jurzwk lq vnloohg zrunhuv1 Wklv frpsrqhqw df0
frxqwv iru ryhu ;3 shufhqw ri wkh wrwdo oderu h￿hfw1 Wkh qhjdwlyh lpsdfw ri
fdslwdo rq djulfxowxudo rxwsxw dulvhv iurp wkh U|ef}|qvnl h￿hfwv glvfxvvhg
deryh1 Wrjhwkhu/ wkh ohyho h￿hfwv ri fkdqjhv lq sulfhv dqg uhvrxufhv kdv kdg
d voljkw qhjdwlyh h￿hfw rq jurzwk lq djulfxowxuh*v rxwsxw1 Ilqdoo|/ hfrqrp|0
zlgh jurzwk lq idfwru surgxfwlylw| glg qrw idyru djulfxowxuh1 Hfrqrp|0zlgh
jurzwk lq WIS dsshduv wr kdyh hqfrxudjhg uhvrxufhv wr ghsduw wkh vhfwru1
Dw wklv ohyho ri dqdo|vlv/ wklv dsshduv wr eh wkh grplqdqw ihdwxuh h{sodlqlqj
wkh dyhudjh dqqxdo ghfolqh ri 5175 shufhqw lq djulfxowxudo rxwsxw ryhu wkh
shulrg1
Lq wkh fdvh ri lqgxvwuldo vhfwru rxwsxw/ lwv whupv ri wudgh h￿hfwv kdyh
dovr ehhq voljkwo| qhjdwlyh ryhudoo1 Krzhyhu/ doprvw <3 shufhqw ri lwv dqqxdo
dyhudjh udwh ri jurzwk lq rxwsxw/ qhw ri wkh sulfh h￿hfwv/ lv dwwulexwdeoh wr wkh
ohyho h￿hfwv ri jurzwk lq oderu dqg fdslwdo vwrfn1 Vlqfh wkh vhfwru lv uhodwlyho|
fdslwdo lqwhqvlyh/ wkh jurzwk lq fdslwdo vwrfn dffrxqwv iru d idu odujhu h￿hfw
rq rxwsxw wkdq jurzwk lq oderu1 Lq frqwudvw wr djulfxowxuh/ jurzwk lq idfwru
surgxfwlylw| dffrxqwhg iru derxw 44 shufhqw ri wkh vhfwruv jurzwk lq rxwsxw/
qhw ri wkh voljkwo| qhjdwlyh whupv ri wudgh h￿hfwv1

















iru idfwru uhqwdo udwhv zkhuh sulfhv +b sm@sm, dqg uhvrxufhv +b yq@yq, duh hydoxdwhg dw wkh
phdq ri wkh gdwd1 Lw vkrxog eh nhsw lq plqg wkdw sv dqg yn duh dovr hqgrjhqrxv yduldeohv1
53Wkh vhuylfh vhfwru kdv dovr h{shulhqfh kljk dqqxdo dyhudjh udwhv ri rxwsxw
jurzwk1 Lq wklv fdvh/ whupv ri wudgh h￿hfwv kdyh ehhq vpdoo exw srvlwlyh1
Gxh wr U|ef}|qvnl h￿hfwv/ jurzwk lq oderu kdv dffrxqwhg iru wkh odujhvw
frpsrqhqw ri jurzwk zlwk/ rqfh djdlq/ wkh jurzwk lq vnloohg oderu dffrxqwlqj
iru wkh idu odujhvw frpsrqhqw ri wkh wrwdo oderu h￿hfw1 Wrwdo ohyho h￿hfwv
dffrxqw iru 79 shufhqw ri wkh vhfwru*v dqqxdo dyhudjh udwh ri jurzwk ryhu wkh
shulrg1 Jurzwk lq idfwru surgxfwlylw| dffrxqwv iru wkh uhpdlqlqj 87 shufhqw
ri rxwsxw jurzwk1 Wklv idfwru vxuho| lqfuhdvhg wkh vhfwru*v delolw| wr frpshwh
zlwk wkh rwkhu vhfwruv ri wkh hfrqrp| iru idfwruv ri surgxfwlrq/ dqg qrwdeo|
oderu iurp djulfxowxuh1
Wkh odvw wzr froxpqv ri Wdeoh 8 vkrz wkdw wkh jurzwk lq qrplqdo zdjhv
dyhudjhg doprvw 46 shufhqw shu dqqxp ryhu wkh shulrg zkloh qrplqdo fdslwdo
uhqwdo udwhv ihoo dw dq dqqxdo dyhudjh udwh ri derxw 51: shufhqw1 Ulvlqj rxwsxw
sulfhv frqwulexwh srvlwlyho| wr jurzwk lq erwk udwhv/ exw wkh ulvh lq wkh sulfh
ri lqgxvwuldo vhfwru rxwsxw/ doo hovh frqvwdqw/ fohduo| kdg d plwljdwlqj h￿hfw
rq wkh revhuyhg ghfolqh lq wkh qrplqdo fdslwdo uhqwdo udwh1 Wkh jurzwk lq
wkh txdqwlw| ri txdolw| dgmxvwhg oderu kdv kdg vpdoo qhjdwlyh h￿hfwv rq wkh
jurzwk lq qrplqdo zdjhv/ dowkrxjk wklv jurzwk/ sduwlfxoduo| vnloohg oderu/
fohduo| frqwulexwhg wr dxjphqwlqj wkh surgxfwlylw| ri fdslwdo dqg khqfh/ wr
ixuwkhu plwljdwlqj wkh ghfolqh lq wkh fdslwdo uhqwdo udwh1
Wkh jurzwk lq fdslwdo vwrfn kdg d uhodwlyho| vpdoo lpsdfw rq wkh jurzwk
lq qrplqdo zdjhv ehfdxvh wkh vhuylfh vhfwru lv oderu lqwhqvlyh dqg dffrxqwv
iru d uhodwlyho| odujh vkduh ri wkh hfrqrp|1 Wkh jurzwk lq fdslwdo vwrfn +dq
hqgrjhqrxv yduldeoh, lv dvvrfldwhg zlwk d uhodwlyho| odujh h￿hfw rq uhgxflqj
wkh udwh ri uhwxuq wr fdslwdo1 Wklv uhvxow lv frqvlvwhqw zlwk wkh frqyhujhqfh
ri wkh hfrqrp| wr lwv orqj0uxq htxloleulxp E￿ $ f￿ dqg vxjjhvwv/ doo hovh
frqvwdqw/ glplqlvklqj uhwxuqv wr dgglwlrqdo fdslwdo1 Wrjhwkhu krzhyhu/ ohyho
h￿hfwv dsshdu wr kdyh kdg olwwoh lpsdfw rq uhgxflqj wkh ghfolqh lq wkh uhqwdo
udwh ri fdslwdo1 Wkh 0449 shufhqw ri wkh udwh h￿hfw fdq eh lqwhusuhwhg dv
hqfrxudjlqj wkh jurzwk lq fdslwdo vwrfn wr vxfk dq h{whqw dv wr eh dq lp0
sruwdqw h{sodqdwlrq iru wkh ghfolqh lq fdslwdo*v uhqwdo udwh1 Ilqdoo|/ jurzwk lq
idfwru surgxfwlylw| kdv kdg d uhodwlyho| odujh srvlwlyh d￿hfw rq wkh jurzwk lq
qrplqdo zdjhv1 Wkxv/ lq wklv vhqvh/ jurzwk lq idfwru surgxfwlylw| kdv ehhq
oderu vdylqj dqg fdslwdo xvlqj1
Ixuwkhu lqvljkw lqwr wkh hyroxwlrq ri wkh hfrqrp| fdq eh johdqhg e| frq0
vlghulqj wkh ghfolqh lq wkh oderu2fdslwdo udwlr ryhu wkh shulrg ri wkh vwxg|
+Iljxuh 4,1 Jlyhq wkh gulylqj irufh ri idfwru surgxfwlylw| jurzwk/ zklfk id0
yruhg jurzwk lq rxwsxw ri vhuylfhv dqg lqgxvwu|/ lq wkdw rughu/ wkh jurzwk
54lq fdslwdo uhodwlyh wr oderu frqwulexwhg lq d pdmru zd| wr wkh jurzwk lq rxw0
sxw ri wkh fdslwdo lqwhqvlyh lqgxvwuldo vhfwru ryhu wkh shulrg1 Wkh uhodwlyh
jurzwk lq fdslwdo vwrfn dovr frqwulexwhg wr wkh jurzwk ri qrplqdo zdjhv dqg
wkh ghfolqh lq wkh qrplqdo fdslwdo uhqwdo udwh1 Jurzwk lq zdjhv dqg wkh
U|ef}|qvnl h￿hfwv ri jurzwk lq fdslwdo vwrfn hqfrxudjlqj wkh pljudwlrq ri
oderu rxw ri djulfxowxuh1 Wkh oderu lqwhqvlyh vhuylfh vhfwru*v dffhvv wr jurzwk
lq txdolw| dgmxvwhg oderu zdv dovr sduwldoo| lqgxfhg e| uhodwlyho| idyrudeoh
whupv ri wudgh ryhu wkh shulrg +Iljxuh 5,/ zklfk dovr khos wr lqfuhdvh oderuv
qrplqdo zdjh1 Wkxv/ ri wkh wzr pdmru vhfwruv ri wkh hfrqrp|/ vhuylfhv ehq0
h￿whg wkh prvw iurp jurzwk lq txdolw| dgmxvwhg oderu/ zkloh pdqxidfwxulqj
ehqh￿whg wkh prvw iurp jurzwk lq fdslwdo1 Jurzwk lq idfwru surgxfwlylw|
vxuho| lqgxfhg jurzwk lq fdslwdo vwrfn zklfk/ wrjhwkhu zlwk jurzwk lq idfwru
surgxfwlylw|/ zhuh wkh pdmru frqwulexwruv wr wkh 4519 shufhqw dyhudjh dqqxdo
jurzwk lq qrplqdo zdjhv ryhu wkh shulrg1
9 Frqfoxglqj Uhpdunv
Wklv vwxg| irfxvhg rq wkh vrxufhv dqg hyroxwlrq ri jurzwk ri wkh Wdlzdqhvh
hfrqrp| ryhu wkh 4<990<9 shulrg1 Wkh hfrqrp| zdv djjuhjdwh lqwr wkuhh
vhfwruv/ djulfxowxuh/ lqgxvwu| dqg vhuylfhv/ dqg wzr txdolw| dgmxvwhg idfwruv/
oderu dqg fdslwdo1 Wkh dssurdfk olqnhg wkh JGS ixqfwlrq ri d pxowlsoh vhf0
wru qhrfodvvlfdo jurzwk prgho wr jurzwk dffrxqwlqj dqg/ vxevhtxhqwo| wr wkh
hvwlpdwlrq ri wkh sdudphwhuv ri wklv ixqfwlrq1 Lq jhqhudo/ wkh hyroxwlrq ri wkh
Wdlzdqhvh hfrqrp| lv fkdudfwhul}hg e| jurzwk lq idfwru surgxfwlylw| zklfk
lqfuhdvhg rxwsxw jurzwk lq lqgxvwu| dqg vhuylfhv/ dqg jurzwk lq vnloohg oderu
zklfk ehqh￿whg doo vhfwruv1 Dffrpsdq|lqj wkhvh vrxufhv ri jurzwk zhuh kljk
udwhv ri jurzwk lq wkh frxqwu|*v vwrfn ri fdslwdo gxulqj wkh hduolhu shulrgv
zklfk wkhq ghfolqhg wr ohyhov dssur{lpdwlqj orqj0uxq htxloleulxp gxulqj wkh
ghfdgh ri wkh 4<;3v/ zlwk vrph glyhujhqfh gxulqj wkh 4<<40<9 shulrg1 Jurzwk
lq fdslwdo vwrfn lqfuhdvhg wkh jurzwk ri wkh lqgxvwuldo vhfwru wkh prvw/ iro0
orzhg e| vhuylfhv/ exw wkh h￿hfw rq djulfxowxudo rxwsxw jurzwk zdv qhjdwlyh1
Jurzwk lq WIS dqg fdslwdo vwrfn dsshduv wr kdyh lqfuhdvhg wkh fdsdflw| ri
wkh lqgxvwuldo dqg vhuylfh vhfwruv wr sxoo uhvrxufhv iurp djulfxowxuh1
Pruh vshfl￿fdoo|/ wkh jurzwk dffrxqwlqj uhvxowv vkrzv wkdw/ rq dyhudjh
ryhu wkh shulrg/ wkh rughu ri lpsruwdqfh lq frqwulexwlqj wr jurzwk duh jurzwk
lq fdslwdo vwrfn/ jurzwk lq idfwru surgxfwlylw|/ dqg jurzwk lq wkh txdqwlw| ri
txdolw| dgmxvwhg oderu1 Gxulqj wkh ￿uvw ghfdgh ri wkh shulrg/ dssur{lpdwho|
5563 shufhqw ri fdslwdo*v frqwulexwlrq zdv gxh wr wkh dgmxvwphqw wr orqj0uxq
htxloleulxp/ wkh uhpdlqlqj sursruwlrq wr vwhdg|0vwdwh jurzwk1 Wkh hfrqrp|
dsshduhg wr eh lq dssur{lpdwh orqj0uxq htxloleulxp gxulqj wkh 4<;3v1 Vlqfh
wkhq/ jurzwk lq fdslwdo vwrfn kdv whqghg wr lqfuhdvh/ ohdylqj derxw 46 shufhqw
ri fdslwdo*v frqwulexwlrq gxh wr wudqvlwlrqdo g|qdplfv1 Iru wkh prvw sduw/
hvwlpdwhv ri Kduurg qhxwudo whfkqrorjlfdo fkdqjh kdv whqghg wr ulvh iurp wkh
hduo| 4<:3*v wkurxjk derxw 4<<3/ wkhq ghfolqlqj wr derxw 617 shufhqw shu
dqqxp ryhu wkh 4<<40<9 shulrg1
Wkh hfrqrphwulf prgho ￿w wkh gdwd zhoo1 Rzq sulfh hodvwlflwlhv ri vxsso|
iru djulfxowxuh/ lqgxvwu| dqg vhuylfhv duh srvlwlyh/ dqg furvv sulfh hodvwlflwlhv
duh qhjdwlyh zlwk rzq dqg furvv sulfh hodvwlflwlhv iru djulfxowxuh vkrzlqj d
fohdu wuhqg ryhu wkh shulrg1 Rzq zdjh wr fkdqjhv lq wkh txdqwlw| ri txdo0
lw| dgmxvwhg oderu/ dqg wkh fdslwdo uhqwdo udwh wr fkdqjhv lq fdslwdo vwrfn
duh qhjdwlyh/ zlwk srvlwlyh furvv hodvwlflwlhv1 U|ef}|qvnl hodvwlflwlhv lqglfdwh
wkdw wkh djulfxowxudo vhfwru lv oderu lqwhqvlyh zkloh wkh vhuylfh vhfwru lv uhod0
wlyho| oderu lqwhqvlyh1 Wkh lqgxvwuldo vhfwru lv fdslwdo lqwhqvlyh/ exw/ doo hovh
frqvwdqw/ lwv rxwsxw lv qrw d￿hfwhg qhjdwlyho| e| lqfuhdvhv lq wkh hfrqrp|*v
txdqwlw| ri oderu1 Frqvhtxhqwo|/ fkdqjhv lq wkh txdqwlw| ri txdolw| dgmxvwhg
oderu kdyh srvlwlyh h￿hfwv rq wkh rxwsxw ri doo wkuhh vhfwruv ri wkh hfrqrp|/
zlwk uhodwlyho| vwurqj h￿hfwv rq lqfuhdvlqj wkh rxwsxw ri djulfxowxuh dqg vhu0
ylfhv dqg vpdoohu h￿hfwv rq wkh lqgxvwuldo rxwsxw1 Lqfuhdvhv lq wkh vwrfn
ri fdslwdo kdyh vwurqj srvlwlyh h￿hfwv rq lqgxvwuldo vhfwru rxwsxw/ prghvw
srvlwlyh h￿hfwv rq wkh rxwsxw ri vhuylfhv exw qhjdwlyh d￿hfwv rq djulfxowxudo
rxwsxw1 Wkh Vwrsohu0Vdpxhovrq hodvwlflwlhv vkrz wkdw qrplqdo zdjhv uhvsrqg
prvw srvlwlyho| wr dq lqfuhdvh lq wkh sulfhv ri vhuylfhv/ dqg wr uhvsrqg do0
prvw htxdoo| wr lqfuhdvhv lq wkh sulfh ri lqgxvwuldo dqg djulfxowxudo rxwsxw1
Wkh uhqwdo udwh ri fdslwdo lv prvw uhvsrqvlyh wr dq lqfuhdvh lq wkh sulfh ri
lqgxvwuldo vhfwru rxwsxw/ zkloh udwkhu xquhvsrqvlyh wr fkdqjh lq djulfxowxudo
dqg vhuylfh sulfhv1
Xvlqj wlph dv d sur{|/ jurzwk lq WIS zdv irxqg wr kdyh uhodwlyho| qrq0
qhxwudo h￿hfwv rq jurzwk lq vhfwrudo rxwsxw1 Wkh vhpl0hodvwlflw| ri jurzwk
lq WIS wr djulfxowxudo rxwsxw lv qhjdwlyh/ dqg srvlwlyh iru wkh rwkhu wzr
vhfwruv/ exw idyrulqj jurzwk lq wkh rxwsxw ri vhuylfhv uhodwlyh wr rxwsxw ri
wkh lqgxvwuldo vhfwru1 Wkh vhpl0hodvwlflw| ri jurzwk lq WIS wr jurzwk lq
qrplqdo zdjhv lv srvlwlyh dqg qhjdwlyh zlwk uhvshfw wr fdslwdo*v uhqwdo udwh1
Wkh eurdghu lpsolfdwlrqv ri wkhvh uhvxowv wr wkh hyroxwlrq ri wkh hfrq0
rp| zhuh rewdlqhg e| frpelqlqj wkh hodvwlflw| hvwlpdwhv zlwk wkh revhuyhg
fkdqjhv lq wkh gdwd1 Wkhvh uhvxowv vkrz wkdw fkdqjhv lq wkh frxqwu|*v vhfwrudo
56whupv ri wudgh/ zkloh vpdoo ryhudoo/ whqghg wr idyru wkh jurzwk lq rxwsxw ri wkh
vhuylfh vhfwru1 Wkhvh fkdqjhv dovr hqfrxudjhg wkh jurzwk lq qrplqdo zdjhv/
dqg wr plwljdwlqj wkh revhuyhg ghfolqh lq wkh fdslwdo uhqwdo udwh1 Jurzwk lq
wkh txdqwlw| ri txdolw| dgmxvwhg oderu srvlwlyho| d￿hfwhg wkh rxwsxw jurzwk
ri doo wkuhh vhfwruv zlwk djulfxowxuh ehqh￿wlqj wkh prvw/ iroorzhg e| wkh vhu0
ylfh dqg pdqxidfwxulqj vhfwruv1 Ri wkh wrwdo oderu h￿hfwv/ jurzwk lq vnloohg
oderu zdv prvw lpsruwdqw1 Jurzwk lq fdslwdo frqwulexwhg wr rxwsxw jurzwk
lq wkh lqgxvwuldo vhfwru wkh prvw/ dqg wr wkh vhuylfh vhfwru1 Jurzwk lq oderu
kdg uhodwlyho| vpdoo qhjdwlyh d￿hfwv rq jurzwk lq oderu zdjh exw uhodwlyho|
odujh srvlwlyh h￿hfwv rq vorzlqj wkh ghfolqh lq fdslwdo*v uhqwdo udwh1 Jurzwk
lq fdslwdo vwrfn ohg wr d udwkhu odujh ghfolqh lq fdslwdo*v uhqwdo udwh/ dv glg
jurzwk lq idfwru surgxfwlylw|1 Jurzwk lq idfwru surgxfwlylw| dffrxqwhg iru
dq dyhudjh ri 44 shufhqw ri wkh jurzwk lq lqgxvwuldo rxwsxw/ dqg iru derxw 87
shufhqw ri wkh dyhudjh dqqxdo jurzwk lq vhuylfh vhfwru rxwsxw1 Dssduhqwo|/
jurzwk lq WIS dqg fdslwdo vwrfn lqfuhdvhg wkh fdsdflw| ri erwk wkh lqgxvwuldo
dqg wkh vhuylfh vhfwru wr sxoo uhvrxufhv iurp djulfxowxuh1
Uhihuhqfhv
^4‘ Froolqv/ V1P1 dqg E1 S1 Ervzruwk +4<<9,1 ￿ Hfrqrplf Jurzwk lq Hdvw
Dvld= Dffxpxodwlrq yhuvxv Dvvlplodwlrq/￿ Eurrnlqjv Sdshuv rq Hfr0
qrplf Dfwlylw| 5= 46805361
^5‘ Glhzhuw/ Z1 H1 dqg F1 M1 Pruulvrq1 +4<;9,1 ￿ Dgmxvwlqj rxwsxw dqg
Surgxfwlylw| Lqglfhv iru Fkdqjhv lq wkh Whupv ri Wudgh/￿ Wkh Hfrqrplf
Mrxuqdo <9=98<09:<1
^6‘ Glhzhuw/ Z1H1 dqg W1M1 Zdohv +4<<5,1 ￿ Txdgudwlf Vsolqh Prghov iru
Surgxfhu*v Vxsso| dqg Ghpdqg Ixqfwlrqv/￿ Lqwhuqdwlrqdo Hfrqrplf Uh0
ylhz 66=:380:551
^7‘ Ihl/ F1K1/ J1 Udqlv/ Z1 \1 Nxr +4<:<,1 Jurzwk zlwk Htxlw|= Wkh Wdl0
zdq Fdvh1 Zdvklqjwrq/ G1 F1= R{irug Xqlyhuvlw| Suhvv iru wkh Zruog
Edqn1
^8‘ Jrylqgdq/ N1/ J1 Pxqlvdp|/ W1 O1 Urh +4<<9,1 ￿Jurzwk Dffrxqwlqj/
Vxsso| Uhvsrqvh dqg Idfwru Uhwxuqv lq Jhqhudo Htxloleulxp= Wkh fdvh
ri Lqgrqhvld/￿ Mrxuqdo ri Dvldq Hfrqrplfv :+4,=::0<81
57^9‘ Kvlhk/ F1 +4<<;,1 ￿ Zkdw H{sodlqv wkh Lqgxvwuldo Uhyroxwlrq lq Hdvw
DvldB Hylghqfh iurp Idfwru Pdunhwv/￿ zrunlqj sdshu/ Ghsduwphqw ri
Hfrqrplfv dqg Zrrgurz Zlovrq Vfkrro/ Sulqfhwrq Xqlyhuvlw|1
^:‘ Mrujhqvrq1 G1Z1/ +4<;9,1 ￿Hfrqrphwulf Phwkrgv iru Prgholqj Surgxfhu
Ehkdylru/￿ lq= Julolfkhv ]1 dqg Lqwuloljdwru P1G +hgv,/ Kdqgerrn ri
Hfrqrphwulfv/ Yroxph 6/ Qruwk0Kroodqg/ Dpvwhugdp1
^;‘ Mrujhqvrq/ G1Z1/ I1 P1/ Jroors/ dqg E1 P1 Iudxphql +4<;:,1 Surgxfwly0
lw| dqg X1V1 Hfrqrplf Jurzwk1 Kduydug Xqlyhuvlw| Suhvv/ Fdpeulgjh/
PD1
^<‘ Nlp/ M1 dqg O1M1 Odx +4<<7,1 ￿ Wkh Vrxufh ri Hfrqrplf Jurzwk ri wkh
Hdvw Dvldq Qhzo| Lqgxvwuldol}hg Frxqwulhv/￿ Mrxuqdo ri wkh Mdsdqhvh
dqg Lqwhuqdwlrqdo Hfrqrplfv ;+6,=56805:41
^43‘ Nrkol/ X1 +4<<4,1 Whfkqrorj|/ Gxdolw|/ dqg Iruhljq Wudgh= Wkh JQS
Ixqfwlrq Dssurdfk wr Prgholqj Lpsruwv dqg H{sruwv1 Dqq Kdueru/ PL=
Xqlyhuvlw| ri Plfkljdq Suhvv1
^44‘ Nrkol/ X1 +4<<7,1 ￿ Whfkqrorjlfdo Eldvhv lq X1V1 Djjuhjdwh Surgxfwlrq/￿
Wkh Mrxuqdo ri Surgxfwlylw| Dqdo|vlv 8=80551
^45‘ Nrkol/ X1 +4<<:, ￿ Dffrxqwlqj iru Uhfhqw Hfrqrplf Jurzwk lq Vrxwkhdvw
Dvld/￿ Uhylhz ri Ghyhorsphqw Hfrqrplfv 4+6,=57805891
^46‘ Nuxjpdq/ S1 +4<<7,1 ￿ Wkh P|wk ri Dvld* v Pludfoh/￿ Iruhljq D￿dluv
:6+9,=950:;1
^47‘ Ohh/ Vkxq0Fkhqj +4<;5,1 H￿hfwv ri Djulfxowxudo Srolf| rq h!flhqf|/
Jurzwk/ dqg Htxlw| lq wkh Wdlzdqhvh Ulfh Hrqrp|= D Furvv0Vhfwlrqdo
Wlph0Vhulhv Dqdo|vlv1 Sk1G1 Wkhvlv/ Xqlyhuvlw| ri Plqqhvrwd1
^48‘ Uhsxeolf ri Fklqd/ Frxqflo iru Hfrqrplf Sodqqlqj dqg Ghyhorsphqw1
Wdlzdq Vwdwlvwlfdo Gdwd Errn1 Vhyhudo lvvxhv1
^49‘ Uhsxeolf ri Fklqfd/ Gluhfwrudwh0Jhqhudo ri Exgjhw/ Dffrxqwlqj dqg
Vwdwlvwlfv1 Qdwlrqdo Lqfrph lq Wdlzdq Duhd/ 4<<:1
^4:‘ Uhsxeolf ri Fklqfd/ Gluhfwrudwh0Jhqhudo ri Exgjhw/ Dffrxqwlqj dqg
Vwdwlvwlfv+Pdufk 4<<:,1 Vwdwlvwlfdo Devwudfw ri Qdwlrqdo Lqfrph lq Wdl0
zdq Duhd/ 4<8404<<:1
58^4;‘ Uhsxeolf ri Fklqd/ Gluhfwrudwh0Jhqhudo ri Exgjhw/ Dffrxqwlqj dqg
Vwdwlvwlfv1 Vxuyh| ri Pdqsrzhu Xwlol}dwlrq1 Vhyhudo lvvxhv1
^4<‘ Uhsxeolf ri Fklqd/ Gluhfwrudwh0Jhqhudo ri Exgjhw/ Dffrxqwlqj dqg
Vwdwlvwlfv1 Wkh \hduerrn ri Pdqsrzhu Vxuyh| Vwdwlvlwlfv1 Vhyhudo lvvxhv1
^53‘ Urehuwvrq/ S1H1 +4<<;,1 ￿ Jurzwk Dffrxqwlqj/ Jurzwk Wkhru| dqg wkh
Hdvw Dvldq Pludfoh1￿ Zrunlqj sdshu1 Xqlyhuvlw| ri Qhz Vrxwk Zdohv1
^54‘ Vrorz/ U1 P1 +4<8:,1 ￿ Whfkqlfdo Fkdqjh dqg wkh Djjuhjdwh surgxfwlrq
Ixqfwlrq/￿ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 6<=64506531
^55‘ Zrrgodqg/ D1G1 +4<;5,1 Lqwhuqdwlrqdo Wudgh dqg Uhvrxufh Doorfdwlrq1
Dpvwhugdp= Qruwk0Kroodqg1
^56‘ Zloh|/ G1H1/ Z1K1 Vfkplgw/ dqg Z1 M1 Eudpoh +4<:6,1 ￿ Vwxglhv ri d
Fodvv ri Fryduldqfh Vwuxfwxuh Prghov1￿ Mrxuqdo ri wkh Dphulfdq Vwdwlv0
wlfdo Dvvrfldwlrq 9;=64:06561
^57‘ Zruog Edqn1 +4<<6,1 Wkh Hdvw Dvldq Pludfoh= Hfrqrplf Jurzwk dqg
Sxeolf Srolf|1 Qhz \run= R{irug Xqlyhuvlw| Suhvv1
^58‘ \rxqj/ D1 +4<<8,1 ￿ Wkh W|udqq| ri Qxpehuv= Frqiurqwlqj wkh Vwdwlv0
wlfdo Uhdolwlhv ri Wkh Hdvw Dvldq Jurzwk H{shulhqfh1￿ Wkh Txduwhuo|
Mrxuqdo ri Hfrqrplfv 443+6,=97409;31
^59‘ ]hooqhu/ D1G1 +4<95,1 ￿ Dq H!flhqw Phwkrg iru Hvwlpdwlqj Vhhplqo|
Xquhodwhg Uhjuhvvlrqv dqg Whvwv iru Djjuhjdwlrq Eldv1￿ Mrxuqdo ri wkh
Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq 8:=67;069;1
59Wdeoh 41 Dffrxqwlqj Iru Jurzwk lq Uhdo JGS/
Dyhudjh Dqqxdo Udwhv lq Shufhqw/ 4<990<9
Uhdo Vwdwlf h￿hfwv rq JGS Jurzwk Gxh Wr Udwh h￿hfw
JGS Djulfxo1 Lqgxvw1 Vhuylfh Oderu Fdslwdo WIS
Jurzwk Sulfh Sulfh Sulfh Jurzwk
Shulrg +(, +4, +5, +6, +7, +8, +9, +:,
+4,4<990:3 4313; 03188 03165 3198 613; 8166 41;<
+5,4<:40:8 ;1:3 3177 03159 03154 51<< 71:4 4135
+6,4<:90;3 ;19: 03144 03153 3169 51:3 6154 51:3
+7,4<;40;8 :183 3136 3155 03155 514: 41:< 6184
+8,4<;90<3 ;133 03139 03157 3167 4199 5184 61:<
+9,4<<40<9 913; 3145 03186 3175 4176 513: 518;
+:,4<990<9 ;14: 03135 03155 3155 5167 615: 518;
+;,\rxqj
4<9904<<3 ;1<3 6197 6149 5193
+<,Nlp)Odx





5:Wdeoh 51 Dffrxqwlqj iru Wudqvlwlrqdo Jurzwk/ 4<990<9
4<990:3 4<:40:8 4<:90;3 4<;40;8 4<;90<3 4<<40<9 4<990<9
+4,
￿
C(￿ *C(￿ 31433; 313;:3 313;9: 313:83 313;33 31393; 313;4:
+5,
￿
￿￿ *￿￿ 03135<: 313687 031344: 31336; 0313494 31364< 313356
+6,
￿
￿￿ *￿￿ 03133;3 0313395 0313378 31337; 0313385 0313474 0313388
+7,
￿
￿7 *￿7 31346; 0313378 3133:: 0313379 31339; 3133:4 313377
+8,
￿
u* u E’ ?￿ 313788 313775 3136;5 3135<8 313564 3134;< 31365<
+9,
￿
g* g 314975 314783 314436 3139:7 313;<9 313;85 314468
+:,
￿
A8￿ *A8￿ 3134;< 313435 3135:3 313684 3136:< 31358; 31358;
+;, 7g 31657: 316585 315<46 315986 315;35 315765 315;;6
+<, 7￿ 314::9 314566 313<44 3139:5 3137;5 31368; 313<38
+43, 7￿ 31684: 317476 3177<4 317894 3176;6 316;48 317484
+44, 77 317:3; 317957 3178<; 317:9; 318469 318;5: 317<76
+45, Sg 3185;; 318749 316:3: 3156;5 316474 31673; 317336
+46, Su 316383 31675< 316453 315;<4 3153;3 315689 315;94
+47, S￿ 314;:; 3144:9 31644: 3179;6 317:67 31756< 316493
+48, ? n % 313:69 3138<7 313:96 313::7 313:8: 313863 3139<4
+49, ￿ 416:84 413<96 318<7: 031358; 315<97 315656 319744
+4:, %
Kduurg qhxwudo







C(￿*C(￿￿ 31:5<; 319;58 31;;34 41363< 31<79: 31;:47 31;794
+4<, Wudqvlwlrqdo
Frqwulexwlrq
@ 40^4;‘ 315:35 3164:8 3144<< 031363< 313866 3145;9 31486<
5;Wdeoh 61 Sdudphwhu Hvwlpdwhv ri Wudqvorj JGS Ixqfwlrq +Htwq1 4<,
Uhjuhvvlrq +4, Uhjuhvvlrq +5, Uhjuhvvlrq +6,
frh!flhqw w0vwdwlvwlf frh!flhqw w0vwdwlvwlf frh!flhqw w0vwdwlvwlf
kf 441:653- +99813;, 441:835- +794166, 441:;69- +649158,
k@ 315346- +4:176, 315353- +5;15;, 315487- +561<8,
kr 317:75- +771;9, 3179::- +7:179, 31798<- +73156,
q, 319:44- +88198, 31988<- +76137, 319856- +661:6,
q& 3165;<- +5:15:, 316774- +5518;, 3167::- +4:1<;,
B| 31346:- +71:5, 3133<3 +41:<, 313338 +3136,
k@@ 315758- +71;7, 3149:8- +91;:, 3149<<- +9177,
krr 317;53- +71:5, 316694- +815<, 3175:;- +8165,
k@r 03139<4 +0418<, 0313<:8- +06199, 0314455- +06178,
q&& 3134:8 +3179, 0314678 +0418;, 313686 +3168,
￿@& 0313;;:- +051:8, 0313<4:- +07139, 03137:6 +04168,
￿r& 0315655- +091:;, 0315333- +09134, 0314453- +041<9,
B@| 313339 +315<, 313343 +3193, 0313364 +04148,
Br| 3134:8- +:1<8, 31349<- +91:<, 313433- +515:,
B&| 031334; +0319<, 31343< +4186, 0313498 +041:7,
B|| 31333<5- +61;;, 3133337 +3139, 3133649 +4163,
-2 0 dju1 31;:59 31<::4 31<:;3
-2 0 lqg1 318;;< 31;;6: 31<579
-2 0 vhu1 31;99; 31<783 31<885
-2 0O 3199:8 31;37< 31:786
-2 0N 3199:8 31;37; 31:786
-2 0 JGS 31<<8< 31<<:9 31<<3:
- hvwlpdwhg frh!flhqwv duh vljql￿fdqw dw 8( ohyho
5<Wdeoh 71 Hodvwlflw| Hvwlpdwhv e| Vxeshulrgv
4<990:3 4<:40:8 4<:90;3 4<;40;8 4<;90<3 4<<40<9 4<990<9
Sulfh hodvwlflwlhv ri rxwsxw vxssolhv
H@@ 314369 317766 31<67: 41:337 614883 7156;7 413584
H@? 31359: 03136;5 0314;<; 0317743 031<784 0416;33 031576<
H@r 0314636 0317384 031:77< 04158<7 05153<< 051;8;7 031:;46
H?@ 3134:4 031344< 03136:< 0313939 0313:<8 0314489 0313849
H?? 317783 316586 315<7: 315::3 315;39 316874 316489
H?r 0317954 0316467 031589< 0315497 0315343 03156;8 0315973
Hr@ 03137;8 0314466 031476: 03149:5 0314:84 0314937 03146:8
Hr? 03165;8 0315:95 031569: 0315379 0314;3< 03148;: 03154<8
Hrr 316::3 316;<7 316;37 316:4; 316894 3164<5 3168:3
Hodvwlflwlhv ri lqyhuvh idfwru ghpdqg
H,, 03159;3 03159<; 0315753 03154:4 031574; 0315347 03156:3
H,& 3159;3 3159<; 315753 3154:4 31574; 315347 3156:3
H&, 3189<7 3189;6 318;:4 319347 318;9; 3193<6 318<35
H&& 03189<7 03189;6 0318;:4 0319347 0318;9; 03193<6 0318<35
U|ef}|qvnl hodvwlflwlhv
H@, 31<684 413773 41553: 4179;9 41;857 51534; 415866
H@& 31397< 0313773 031553: 03179;9 031;857 041534; 0315866
H?, 3153:7 315;98 316744 316;66 316868 3166<4 3165;:
H?& 31:<59 31:468 3198;< 31949: 319798 31993< 319:46
Hr, 31<498 31<53< 31<798 31<9;7 31<653 31<789 31<6;7
Hr& 313;68 313:<4 313868 313649 3139;3 313877 313949
Vwroshu0Vdpxhovrq hodvwlflwlhv
H,@ 3158:< 314<<: 31494; 314644 31448; 313<9: 314873
H,? 314364 314:5; 3153<< 315699 315576 314:89 314<3;
H,r 3196<3 3195:8 3195;5 319656 3198<< 31:5:: 319885
H&@ 3136<; 03134:6 03139:5 0314455 031446< 03148:4 0313::8
H&? 31;6:6 31<367 31<;45 41388; 31<<:9 413634 31<:37
H&r 31455< 31446< 313;93 313897 314496 3145:3 3143:5
63Wdeoh 81 Udwh ri Whfkqrorjlfdo Fkdqjh dqg Lqgh{hv ri Whfkqrorjlfdo Eldvhv
4<990:3 4<:40:8 4<:90;3 4<;40;8 4<;90<3 4<<40<9 4<990<9
Vhpl0hodvwlflwlhv ri rxwsxw vxssolhv dqg idfwru uhzdugv
"￿| ’ Y*?+￿E￿￿*Y|c "6| ’ Y*?￿6E￿￿*Y| l@d/q/v>p@n/o
"@| 0313466 031346; 0313473 03134;6 031365< 0313747 031355<
"?| 03134:3 031339: 31336< 31347; 3135:3 313694 313438
"r| 313579 31364< 313743 31383; 313956 313:46 3137:;
",| 3135:; 313679 313764 313858 31398: 313:93 31383;
"&| 03137;7 0313745 03136:3 0313659 0313479 031345: 0313638
Udwh ri whfkqrorjlfdo fkdqjh
￿ ’ Y *? CE￿￿*Y|
￿ 313367 313435 3134<: 313633 313757 313873 3135:8
Udwh ri whfkqrorjlfdo eldv
l￿| ’ "￿|￿ ￿
Rxwsxw Vhfwru
l@| 031349; 0313574 031366: 03137;6 0313:86 0313<87 0313837
l?| 03134<; 031349< 031348< 0313485 0313486 03134:; 03134:3
lr| 313544 31354: 313546 31353< 313533 3134:6 313536
Lqsxw Vhfwru
l,| 313576 313577 313567 313558 313567 313553 313566
l&| 031384< 0313847 031389: 0313958 031389< 031399: 03138;3
64Wdeoh 91 Frqwulexwlrqv ri Sulfhv dqg Idfwru Hqgrzphqw wr
Suhglfwhg Rxwsxwv dqg Idfwru Uhwxuqv1
Vxsso| ri Idfwru Uhwxuq ri
djulfxowxuh lqgxvwu| vhuylfh Oderu Fdslwdo
Jurzwk udwh 0313575 313<6; 313;;6 314594 0313598
Sulfh
djulfxowxuh 5:7 05 0< ; 046
lqgxvwu| 094 4: 047 : 4:9
vhuylfh 0568 04; 58 63 56
Hqgrzphqw
Oderu 4;4 44 68 09 :7
Vnloo 47< ; 59 08 87
Xqvlnoohg 65 6 43 05 53
Fdslwdo 0499 ;5 ; 54 0576
Grphvwlf 0457 87 8 47 0495
Lpsruwhg 075 5; 6 : 0;4
Wrwdo vwdwlf h￿hfw 0; ;< 79 93 49
Udwh h￿hfw 0<5 44 87 73 0449







1966  1971  1976  1981  1986  1991  1996 
year
L/K








1966  1971  1976  1981  1986  1991  1996 
year
PA/PN PS/PN
Iljxuh 5= Uhodwlyh Sulfhv ri Rxwsxwv +4<99 @ 4,
67